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Tour attention is called to^tke new and revised edition of 
ELDERHORST'S MANUAL 

BLOW-PIPE ANALYSIS 

DETERMINATIVE MINERALOGY, 

JUST ISSUED. 
Philadelphia, Apkil 'i, ISIJG. 

The present edition will be fonnd to oontoin a great deal of aaditian»l valuable 
matter, tlie result of several years' experience, (since the first edition,) both in the 
Laboratory and the Lecture Room, which enables us to give a useful Manual for both 
Teachers and Students. 

We will briefly recite some of the additions of speoial iaterest to those who may use 
the blow-liipB as an aid to the study of Mineralogy. 

tn tho Fourth Chapter the Author bos given the chorncteristio physical properties, 
blow-pipe reaotions, and behavior to solvcnta of all the important Ores of the nscful 
metals, so that a reference to this chapter will at once enable the student or the 
practical mineralogist and geologist to detwmine the nature and mineral species of 
the Ore under examination. But not only the mineral apBcies can thus he easily 
ascertained ; by referring (o the methods laid down in the Third Chapter for the de- 
tection of metiillio oxides, Ac, in presence of other compounds, incidental eonstituenta, 
■ucb as Bilver in galena, nickel in oobaltine, can be discovered without difficulty. 
The Sixth Chapter contains Prof, von Kobell's method for the discrimination of min- 
erals by means of the blow-pipe, aided by humid analysis. It is unneoessaty to dwell 
on its merits, as it is almost uniTersolly aeinowlodgeJ to be the best guide for the 
discrimination of minerals that has ever been published. 

The appended tables, containing the behavior of the alkaline earths, the earths 
proper, and the oxides of the benvy metals before the blow-pipe and to Ibe most im- 
portant reagents, have been taken from Plattner's work on the blow-pipe, the most 
thorough treatise on the subject. 

We are happy to be able to give below, the opinions of some of our scientlDc men : 

ftom flioBoH J. Bkdsh, Professor of Mineralogy and Metallurgy In Tale Collogo. tSdin^fie 

"The second edition of Prqr. Eiaa-honTs Xaauia ijf BlnK-pipe JflBto'. will bo warmly wel- 
cemai by all atadenta of Chfrnlstry and Mineralogy. II fill, a went vary much fell by both 
teaohera and studenta, and as the present edition contains not only n thorongh trenHse on QuaUKi' 
tite Blow^pe Amiigiit, but also an extended cbwter on ZWrrminn/ftif mmmtagi/, tbis last 
eituoled trtna Ton KobaH's ezceltent TafiiH sn- SaOiimiing dtr Xbunilim It Sums a most 
fnralu^lo majraaltbr the Laboratory and Oablnet I haw fbr several yesrs n«d the first edition 
u a texMook ibr my students, and have fbnnd It a meet nseAil and aeDiini.le work. I shall meet 
willingly adopt tbis new and enlarged edition, and I take plniore in cordlidlv reoommendini » to 
all taachera and students of CbamiBliy and Minoralogy." 

Vnm Charlbs A. Jei, PH. D.,ProfBe8or of Cberaislry in ColnmbU CoIIoBe, New York. 
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"After a coraful BiBinin«lioii of ElderhursCi Blow-pipe Amilyrit, which you hsTe Kcentlj pnb- 
llshed, I am of opiniuii thai II Ih tho Ijoat Iraillse oo the sulflect tor the use of hcsiiinera and 
Btudenla, and that tilt experienced chenilats wiri find in it an imalnftble vaiiemranm in leBting 

Broiu Dr. WoicoTT aiBUS, Professor of ChsmiBlry in the Free Academy, New York. 

"I most cordtallT approve of the plan and eiecnllon of the treaties, and sincerely hoL e that tte 

■ale ma; be commeiieiirate with its merits. It a a most welcome and ueefnl addidou to our 

From Prof. B. Howino Bsnb, M. D., Profeasor of CbsmiBti)' in the Jelftrson Medical CollegB, 

Sale ProfesBor of Cheniletry in the Medical Department, PennsylTania College; 

" " " and Phyoics In the Plul^elphla Central High Sclioo!. 

"I can niont cordially commend Dr. KUtrhorsl's Waxiial of Blaw-plpt Analysis It is clear, 

concise and accurate. n»d 1 shall take i^ieBBure In recommending it to my clauea ae the beet 

••Dr. Eldirhorsl's XbhukI if Btaw-fipt /tualyais atwl DcUrmiaativc Mineraingy, just issued by 

5™, ia the moat convenient work of this kind lu thoBuglish language, and I shall use 11 aaateiLt- 
ook for my sludenta, and with great pluasnre recommend it moat cordlaJlj lo all my frienda who 
an engaged In chemical and minerali^cal pnreulte." 

From Charles P, Willuhs, Analytlixd and Consnilhig Chemlat. 

book in IheBngliah iMigiiagelbr lie student of deterrainsUve mineralogy, and as such, foisBTena 

student. 1 reconimeud it nitli great pleaenre." 

School of Mines, Colvubu Collese. N. T., March 11, 1S66. 



Prom BiLAS H. DoDOUts, Proftssor of Chemistry and Mineralogy. 

" D^iiTEBSiTT or mcHIal^, Dbpibtheht of CHEHisrlif, March W . 
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Trice of the Manual, sent per mail, prepaid, $3.50. 

Respectfully, 

T. EI.,L.WOOr> ZELL, PuTsli slier, 
17 & 19 Sooth Siitli Street, PtiMelphia. 
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PBEFACE. 



The present edition of this "Manual" is, like the preceding, 
designed to nerve as a text-book in the instruction in Blowpipe- 
Analysis and Determinative Mineralogy, in the Eensaelaer 
Polytechnie Institute. 

In the first three chapters, hut few alterations and additions 
have boen made, fearfui of injuring the practical usefuiness of 
the book by an accumulation of too much material. The fourth 
chapter, containing the characteristics of the Kiost important 
ores, has been considerably enlarged by increasing the number 
of species, and by adding an appendix containing the descrip- 
tion and blowpipe-reactions of the various kiods of fossil fuel; 
additions which, I trust, will be especially acceptable to the 
Mining-Engineer and Geologist, In the selection of the newly 
added species I have paid particular regard to those occurring 
in the American Continent; for this reason, many less impor- 
tant ores have fonnd a place in the list to the exclusion of others, 
which, though more valuable, have not hitherto been found in 
America. 

The fifth chapter, containing a systematic method for the 
discrimination of inorganic compounds, is a translation, but 
slightly altered, of the " Jjivision dichotomique pour reconnoitre les 
minSraux," as given in Laurent's "Analyze au Ohahimeau." It is 
of no great value to the experienced analyst, but very useful 
for beginners, and it ia on their account that I have given it a 
place in the Manual. 

The sixth chapter is not contained in the first edition. It is- 
hardly necessary to allege any reasoii (or its iutrodiietion into 



this edition. The admirable method of Professor von Kobell 
for the discrimi nation of minerala is, almoat beyond dispute, the 
moat practical and moat reliable that has ever been published. 
The sixth chapter ia nothing but an extract from Prof. v. Eo- 
bell's treatiae on this anbjoct. It contains all the well-known 
mineral apeciee, and leads to their determination with almost 
unerring certainty. 

The appended tables, taken from Plattner's work on the 
Blowpipe, have remained unchanged. 

For the material of this compilation, the author is principally 
indebted to the following works: 

C. F, Plattner : The Use of the Blowpipe in the Examination 
of Minerala, Ores, &c. Translated by J. S. Muaprath. 
3d ed. London. 
J. J. Eerzeliue : The ITae of the Blowpipe in Chemistry and 

Mineralogy. Translated by J. D. Whitney. Boston. 
F. von Kobell : Tafeln zur Bestimmung der Mineralien. 5th 

ed. Miinchen, 1853. 
J. D. Dana : A System of Mineralogy. 4th ed. New York, 

1854. 
John Mitchell: Manual of Practical Assaying. 2d ed. Lon- 
don, 1854. 
The author, finally, begs to tender his thanks to his friend, 
Professor Chandler, of Union College, for the valuable sugges- 
tions he has received at his hands, and which he has acted upon 
to the beat of his ability, being fully convinced that by adding 
the improvements recommended by his friend, the practical 
utility of this little Manual will be greatly increased. 

WILLIAM ELDEBHOEST. 
Troy, N.Y., 
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INTRODUCTION. 



In preparing this little Manual, it lias been my principal care 
to adapt it to the use of the beginner. Tho use of the blow-pipe, 
though elaborately studied and extensively written on by some 
of the first chemists and mineralogists of the preceding and the 
present centurj', has not yef been duly appreciated. This 
neglect is, perhaps, owing to the rapid advancement of chemi- 
cal analysis in the humid way, which furnishes, on the whole, 
more reliable reaulta, and allows of an easy quantitative deter- 
mination of the various constituents of a body. But it was over- 
looked that this mode of analysis absorbs much more time, and 
requires the use of an extensive set of apparatus, whereas an 
examination before the blow-pipe is sooner performed ; requiring 
scarcely as many hours as an examination in the humid way 
requires days, and that with the aid only of a few reagents and 
instruments of small size. It is for this reason that a knowl- 
edge of blow-pipe operations is less valuable for the Chemist by 
profession than for the Mining-Engineer, the Mineralogist, and 
the Geologist. A small portable box will hold all the necessary 
reagents and instruments, so that he may carry them with him 
on his expeditions and travels, and examine on the spot the 
minerals which he meets with on his explorations; an advan- 
tage which ought, truly, not to be overlooked. 

For teachers who have not hitherto devoted much time to 
instruction in this department, a short exposition of the course 
which I have followed for a number of years may, perhaps, be 
desirable. For elementary instruction, the students are only 

(vii) 



Viii INTRODUCTION, 

furnished with the principal reagentSj viz. : carbonate of aoda, 
Bait of phosphorus, borax, and solution of cobalt ; of apparatus 
t iiey want a fluid-lamp, blow-pipe with platinum point, platinum- 
pointed forceps, platinum wire, charcoal, and closed and open 
glass tubes. After having explained to them the action of the 
two cones of the Same, and instructed them in making beads, 
and conducting the processes of oxidation and reduction, I 
make them perform the most important operations, and study 
the behavior of the most commonly occurring substances, with 
and without fluxes. I give the substances in somewhat the 
following order; 

Sesquioxide of iron, all the reactions given in Table II, 10. 

Peroxide of manganese. Table II, 13. 

Sesquioxide of chromium. Table II, 6. 

Oxide of cobalt, and nickel, Table II, 7, 16. 

Protoxide of copper. Table II, 8, and | 37. 

Oxide of zinc. Table II, 27, and metallic zinc §§ 25, 45. 

Oxide of tin. Table II, 22, and metallic tin 1 26. 

Oxido of lead. Table II, 12, and metallic lead § 23. 

Oxide of hismuth, Table II, 3, and metaUic bismuth §§ 17, 23, 

Antimonious acid. Table II, 1, and metallic antimony §§ 16, 21. 

ArsenouB acid, Table II, 2, §§ 9, 15. 

Oxide of mercury, Table II, 14. 

Alumina, Table I, 5, and § 44. 

Magnesia, Tabic I, 4, and § 44. 

Silica, § 39. 

A sulphide, §111), 14, 107. 

A borate, § 60. 

A chloride, §§ 65, 6S. 

Having performed all these operations, the student will be 
qualified to enter upon the analysis of substances of not too 
compound a character. If he meets on his way with bodies, 
the behavior of which before the blow-pipe he has not pre- 
viously studied, he will not have any difficulty in determining 
their character if he follows the directions given in the second 
chapter. The modus operandi will be best understood by a few 
examples. 
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1. The substance under examination is sutpbide of antimony. 
Examination in a matrass : At a very high temperature, a 

black sublimate is obtained, becoming reddish-brown when 
cold. In reading over the list in § 10, we find this character 
belonging to sulphide of antimony. 

Examination in an open glass tube: gives sulphurous aeid 
detected by the odor and action on blue litmua>paper, and 
white fumes which partly condense in the tube. On examining 
the sublimate with a magnifying-glass, it is found to be amor- 
phous, hence must be antimonioua acid (§ 16). 

Examination on charcoal alone: is completely volatilized 
with emission of sulphurous acid, and deposits a white vola- 
tile coating, possessing the properties of the coating of anti- 
mony (§ 21). 

These few operations are quite sufficient to establish the 
nature of the substance under trial, since the absence of the 
more fixed metals is proved hy the volatility of the substance 
on charcoal and in the open tube, and the absence of metals 
giving coatinga by the purity of the antimony-coating. The 
presence of arsenic would have been betrayed hy an alliaceous 
odor when heated on charcoal. The only substance which 
would have escaped detection by these operations is sulphide 
of mercury. In order to ascertain its presence or absence, we 
perform the operation given under '^Mercury" in Chapter III. 

The result giving an answer in the negative, the body was 
" sulphide of antimony." 

2. The substance under examination is chromate of lead. 
Examination in a matrasa : 1 ftises and changes color, but 
Examination in an open tube : f gives nothing volatile. 

Examination on charcoal alone: fuses, gives small metalli© 
globules, and deposits a coating which is lemon-yellow while 
hot, and sulpbur-yellow when cold, indicative of lead (§ 23). 
It is always desirable to collect the metal to a large globule, 
and to study its physical properties. This end is best attained 
by mixing the substance with carbonate of soda and a little 
borax, and exposing the mixture to the reduction-flame ou 
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X INTEODUCTION. 

charcoal. In this particular ease, a metallic button is obtained 
which is soft, may bo flattened by the hammer and cut by the 
knife, properties belonging to metallic lead. 

Examination with borax and salt of phosphorus : Before pro- 
ceeding with this examination it is necessary to test the sub- 
Stance for the presence of sulphur after the method given § 107 
(unless the presence of this element was detected by the exami- 
nation in the open glass tube or on charcoal aione); no sulphur 
being present, borax and salt of phosphorus beads are made on 
charcoal, and small portions of the substance added. With 
both fluxes nearly the same reactions are obtained; in oxyda- 
tion-flame dark-red while hot, and fine yellowish-green when 
cold ; in reduction-flame green, hot and cold. In order to find 
flut what body produces such reactions, we use Table III, which 
leads us to sesquioxide of chromium. To corroborate the result, 
the substance may bo fused with carbonate of soda and nitre, 
as described, § 68. 

The physical properties of the body under trial lead to the 
final cOD(dusion that it must be chromate of lead. 

3. The substance is an alloy of silvor, copper, and lead. 
Examination in a matrass : ) 
Examination in an open tube : f 

Examination on charcoal alone : fuses and deposits a copious 
coating, which is lemon-yellow while hot and sulphur-yellow 
when cold, indicative of lead (§ 23) ; the coating cannot contain 
any oxide of bismuth, because the color would be darker in 
this case, but might contain oxide of zinc or oxide of antimony. 
The test is for the presence of the former, the coating is played 
upon with the oxydation-flame ; it is completely volatile, hence 
no zinc present (might also be tested with solution of cobalt 
g 45) ; to test the coating for the presence of oxide of antimony, 
it is scraped off from the charcoal and dissolved in ahead of 
salt of phosphorus, v. § 87, or the alloy is treated with boracic 
acid as described under the head of "Antimony" in Chapter III. 
If the blast is continued for a long time, a faint dark-red coat- 
ing is formed near the assay-piece, indicative of silver, § 27, and 
a dark metallic globule "remains. 
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INTRODUCIION. XJ 

Examination with borax and salt of phosphorus : the globule 
remaining on the charcoa! after volatilization of the lead, ia 
treated with borax on charcoal in oxidation-flame; the borax 
becomes colored. Owing to the reducing effect of the charcoal, 
the influence of the oxidation-flame cannot be well observed on 
charcoal, henco the borax is removed from the metaOic globule 
festened into the hook of a platina wire, and here exposed to 
the action of the oxidation -flame : the bead is green while hot 
and blue when cold. On consulting Table III we flnd that this 
reaction is produced by oxide of copper, and by a mixture of 
oxide of cobalt and sesquioxide of iron : to decide between the 
two, we now expose the bead to the action of the reduction- 
flame ; it becomes red and opaque, thus proving the presence 
of oxide of copper. 

By the examination on charcoal, per se, we were led to sus- 
pect the presence of silver; in order to establish this beyond a 
doubt, we refer to Chapter III, " Silver;" here we flnd a method 
(§ 105) by which the presence of silver may be ascertained in 
eompounda of all descriptions. In our case, having to deal only 
with 4ead, copper, and silver, the treatment with vitrified 
boracic acid and metallic lead is, of coarse, superfluous. We 
place our alloy at onco on the cupel and direct the oxidation- 
flame upon it ; if, after cessation of the rotatory motion, the 
globule should not possess the bright lustre of silver, some 
pure metallic lead has to be added, in order to remove the last 
traces of copper. We finally obtain a bright globule exbtbiting 
all the characteristic properties of silver. 

Thus we have established the presence of lead, copper, and 
silver. 

4. The substance nnder examination is copper nickel, con- 
taining arsenic, sulphur, nickel, cobalt, and iron. 

Examination in a matrass : gives a slight sublimate, consist- 
ing of octahedral crystals, pointing to the presence of arsenic 
(§11). 

Examination in a glass tube open at both ends : givea a co- 
pious crystalline sublimate of arsenous acid, and a faint odor 
of sulphurous acid; to establish the presence of sulphur beyond 



INTRODUCTION. 



donbt, we refer to Chapter III, " Sulphur," where we find the 
method (§107) for discovering sulphar when in combination 
■with other subHtances. In performing the test there described, 
we obtain the sulphur-reaction. 

Examination on charcoal alone : gives abundant arsenical 
fumes, leaving a metallic globule which, even with continued 
blowing, does not give rise to the formation of a coating on the 
charcoal (absence of volatile metals). 

Having removed all volatile substances, we now proceed to 
examine the remaining globule. On applying a magnet, we 
find it powerfully attracted, showing the presence of either 
iron, nickel, or cobalt, perhaps all of them, either alone or com- 
bined with other non-volatile metals. "We add some borax to 
the globule and expose it to the action of the oxidation-flame, 
then remove the borax from the globule, fasten it into the hook 
of a platina wire, and here observe the color : green while hot, 
blue when cold as in the preceding case (example 3), but on 
exposing the bead to the action of the reduetion-flame (which 
is best done by placing it on charcoal and touching it with tin) 
it does not become brown and opaque, showing therefore the 
presence of a small quantity of iron with cobalt. "Wo now add 
a fresh portion of borax to the metallic globule, in order to see 
whether it consists entirely of cobalt (that it cannot contain 
any considerable amount of iron, is proved by the appearance 
of the cobalt reaction in the first trial, iron being much more 
readily dissolved by borax than cobalt): the bead is violet 
while hot, and assumes a brownish color on cooling; by refer- 
ring to Table III, we see that this effect is produced by nickel 
containing cobalt. Referring to Chapter III, " Nickel," we find 
the method to detect the presence of this metal when in com- 
bination with iron and eobalt, and also the presence of copper, 
if the assay should contain a small quantity of it. 

By the above examples the use of the methods given in the 
third chapter will be sufficiently illustrated. If the substance 
nnder examination is of a simple composition, its nature is 
readily ascertained by following the general method laid down 
in the second chapter; but if the reactions obtained clearly 



point to the complex nature of the body, we refer to the 
tive aectiona of Chapter III; if, for example, we suspect the 
presence of cobalt in a mineral consisting of arsenides, we test 
the aubetance according to § 69 ; if a small quantity of copper 
is to be discovered in a mineral, we proceed as directed in 
g 71, &c. 

The student who is willing to devote more time to the sub- 
ject than is usually allotted to it in our colleges, will do well to 
go carefully through all the reactions given in the second chap- 
ter, and thus familiarize himself with the colors and other 
properties of the various coatings, sublimates, &c., and also to 
perform the principal tests by which substances are discovered 
when in combination with others, which are at length exposed 
in the third chapter. In order to obtain characteristic reac- 
tions, it is important to experiment upon a suitable substance. 
For the benefit of the beginner, who would naturally be em- 
barrassed in the choice of a body suitable for the experiment, I 
add a list of substances which, with few exceptions, are readily 
obtained, and which are sufficient to illustrate all the important 
reactions. After having mentioned a reaction, or described a 
process (in Chapter II and III), I have added a number In [ ] 
brackets. The number points to the substance of the list, 
below given, best adapted to illustrate the reaction. As each 
experiment requires only a very small quantity of the sub- 
stance, they are most conveniently kept in small glass tubes of 
about an inch and a half in length and one-eighth of an inch 
in diameter. Por the first fourteen substances no glass tubes 
are required, since they are the regular blow-pipe reagents, A 
small box containing seventy-five of the little tubes will hold 
the whole collection. 
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COLLECTION OF SUBSTANCES, 



Well adapted to illustrate the important Meactions of Bodies before 
the Blowpipe. 



1. Carbonate of soda. 

2. Boras. 

3. Salt of phosphorus. 

4. Bisulphate of poti^sa. 

5. Boracic acid. 

6. Fluor spar. 

7. Nitrate of cobalt. 

8. Oxalat* of nickel. 
S. Oxide of copper. 

10. Chloride of silver, 

11. Lead. 

12. Iron. 

13. Tin. 

14. Bone-ash. 

15. Chloride of potassium. 

16. Bromide of potassium. 

17. Iodide of potassium. 

18. Chloride of si 

19. Chloride of a 

20. Chlorate of potassa. 

21. Alumina. 

22. Sulphate of copper. 

23. Nitrate of lead. 

24. Oxide of antimony. 

25. Arsenous acid. 



1. Oxide of bismuth. 

. Osidc of cadmium. 

. Sesquioxide of chromium. 

I. Oxide of cobalt. 

. Protoxide of mercury. 

. Molybdic acid. 

. Oxide of silver. 

. Binoside of tin. 

. Tungstio acid. 

. Sa^quioxide of uranium. 

. Oside of aino. 

. Chloride of copper. 

. Arsenite of copper. 

\. Suhchloride of mercury. 

. Protochloride of mercury. 

. Antimony. 

1. Arsenic. 

i. Bismuth, 



. Alloy of mercury and tin. 
. Alloy of lead and antimony. 
, Alloy of lead and bismuth. 
, Alloy of lead and zinc, 
(liv) 
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COLtEOTION 


OF SUBSTANCES. x' 


51. Alloyoflead,. 


3opper, and silver. 72. Cerusite. 


62. Alloy of tin ; 


tod copper. 


73. Malachite. 


53. AUoy of zbo 

54. Rook crystal. 

65. Gypsum. 

66. Calc-spar. 

67. Strontianite. 


and cadmium. 


74. Gray antimony. 

75. Iron pyrites. 

76. Copper pyrites. 

77. Miapiekel. 

78. Smaltine. 


58. Whitherite. 




79. Cobaltine. 


59. Magnesite. 




60. Realgar. 


60. Mioa. 




81. Cinnabar. 


61. Felspar. 

62. AJbJte. 

63. Petalite. 




83. Copper nickel. 

83. Molybdenite. 

84. Berthierite. 


64. Hematite. 




85. Bournonite. 


65. Eutile. 




86. Tetrahedrite. 


66. Pyrobsite. 




87. Onofrite, or Glaustbalite. 


67. Lepidolite. 

68. Apatite. 

69. Franklinite. 

70. Pitchblende. 

71. Chromic iron. 




88. Sulphides of arsenic and anti- 

mony (artificial). 

89. Sulphides of arsenic, antimony, 

lead, and copper (artificial). 
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A MANUAL 

or 

BLOW-PIPE ANALYSIS. 



riRST CHAPTER. 

AUXILIARY APPARATUS AND REAGENTS. 

§ 1. The common blow-pipe of gas-iitters, jewellers, &c., is not 
very well adapted for analytical researebes, as the narrow outlet 
becomes frequently obstructed by the moisture which is exhaled 
from the lungs and condenses in the tube. To avoid tliia incon- 
venience, the long cylindrical tube of the blow-pipe sftoald be 
faraished at the extremity with a globular or cylindrical chamber 
for the reception of the condensed water. In this chamber the jet 
is inserted at a right angle to the tube. Silver is, in many respects, 
the best material for the construction of a blow-pipe, but has the 
disadvantage of becoming very hot when used for a long while, sc 
that it becomes almost impossible to hold it with the naked fingers ; 
next to silver stands German silver and brass. For jets, platinum 
is preferable to all other metals. A mouth-piece of box-wood or 
ivory is convenient, though not necessary. 

§ 2. Any kind of flame may be used for the blow-pipe, provided 
it be not too small. Some of the older chemists used common 
candles in preference, and it must be confessed that, in the majority 
of eases, the heat produced by the flame of a good sperm candle 
is quite sufficient. Berzelius recommended an oil lamp with a flat 
wick, which is now in general use as " Berzelius 's Blow-pipe 
Lamp." I find that a common fluid lamp, with a rather large 
burner, answers every purpose ; it gives a very good heat, and, 
J being much cleaner than an oil lamp, admits of a very 
(21) 
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quick and accurate adjustment of the size of tlie flame, Oy means 
of a little braaa cylinder, which is movable, and slides up and 
down the burner. The heating of substances in glass tubes and 
matrasses is best performed over a common spirit lamp. 

§ 3. As supports, charcoal, platinum, and glass are principally 
used. Wood charcoal is in most cases the best support. It must 
be well burnt, and not scintillate or smoke ; it must leave but 
little ash ; charcoal of light wood, as alder, &c., has been found 
the best. 

Platinum is used whenever the reducing action of the charcoal 
acts injuriously. It is advantageously employed on all occasions 
where no reduction to the metallic state takes place, since the color 
of the flux is much better seen on the platinum than on charcoal. 
It is mostly used in the shape of wire, the end of which is bent 
so as to form a hook, which serves as support to the flux. As foil. 
Its use 10 very limited A little plitmum -poon, of from about 12 
to 1') m m m diameter, ii veiy convenient for fusing substances 
with bisulphate of potasaa or nitre 

Gli'is tubes open at hoth ends are used for calcination, and for 
te=itmg the piescnco of substances which are volatile at a high 
temperature The tubes should be from 5 to 8 inches long. Of 
glais tubes, sealed at one end, or little matrasses, an assortment 
should always be kept on hand since they are of very frequent use. 

§ 4. Of other apparatus, the most necessary are : 

A mortar of agate or chalcedony, from li to 2 inches in width, 
with pestle of the same material. 

A forceps of brass or German silver, with platinum points, 

A forceps of steel. 

A little hammer and anvil, both of steel and well polished. 

A three-cornered file for cutting glass tubes, trying the hardness 
of minerals, &c. 

A little magnet. 

A pocket magnifying glass. 

A set of watch glasses, which are very convenient for the recep- 
tion of the assay-piece, the metallic globules, &c. 

§ 5. Of reagents. Carbonate of Soda, Boras, and Salt of Phos- 
phorus, are the most important ones ; but there are others, which. 
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though not so estensively used, still are indispensable for the 
detection of certain substances ; those only shall here bo men- 
tioned ; others, the use of which is very limited, are omitted in 
this list. 

Carbonate of Sodar The monocarbonate or the bicarbonate may 
be indifferently employed; it must be perfectly free from sulphuric 
acid, for the presence of which it may be tested as shown § 107. 
The neutral oxalate of potassa and the commercial [fused] cyanide 
of potassium deserve in many cases the preference, their reducing 
powers being superior to that of carbonate of soda. 

Borax: The commercial article is purified by crystallization, the 
crystals dried and reduced to a coarse powder. 

Salt of Phosphorus: [double phosphate of soda and ammonia] 
100 parts of crystallized common phosphate of soda and 16 parts 
of sal ammoniac are dissolved in 32 parts of water; the solution is 
aided by heat, the liquid filtered while hot, and the crystals, which 
form on cooling, dried between blotting paper. When pure it gives 
a glass which, on cooling, remains transparent; if this is not the 
case it must be purified by recrystallization. It is kept as a coarse 
powder. 

Bisuiphate of Potassa; It is employed in the fused [anhydrous] 
state as a coarse powder; it must be kept in a bottle provided with 
a ground glass stopper. 

Vitrified Boracic Acid: Is employed in the state of a coarse 
powder. 

Fluor-spar: Must be deprived of water by ignition; must be per- 
fectly free from boracic acid, which may be tested as described § 61. 
It is convenient, to keep in a separate bottle a mixture of 1 part of 
finely powdered fluor-spar with i^ parts of bisuiphate of potassa. 

Nitrate of Cobalt, in solution: It must be pure, free from alkali, 
and [for many purposes] free from nickel ; it is kept in a bottle with 
a ground glass stopper, which, very conveniently, is so much elon- 
gated as to dip into the liquid. Instead of the nitrate, the oxalate 
of cobalt may be used, which, being in the shape of powder, ia 
advantageously substituted for the former in travelling. 

JTitratc or Oxalate of Nickel; It must be perfectly free from 
cobalt; it is tested with borax, with which it ought to produce a 
pure brown glass. 
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Oxide of Copper: It is best prepared by heating the nitrate to 
ignition. 

Chloride of Silver: It is prepared by precipitating a solution of 
nitrate of silver with hydrochloric acid, washing the precipitate, 
and making it into a thick paste with water, which is kept in a smalt 
glass-stoppered bottle. This reagent should not be used with plar 
tina wire, since the silver fuses with the pjatina to an alloy; thin 
iron wire is in this case substituted for the platina. For each 
experiment a fresh hook should be made. 

Pure Metallic Load: It is easily obtained pure by decomposing 
a solution of the acetate by metallic zinc; the precipitate is repeat- 
edly washed with water and then dried between blotting paper. 

Metallic Iron: In the shape of thin wire [harpsichord wire]. 

Metallic Tin: Usually in the shape of foil, which is cut into strips 
and rolled up tightly. 

Bone-aah: la the state of very fine powder. 

Test Paper; Blue and red Litmus Paper, and BraKil Wood 
Paper. 

g 6. If the analytical research ia strictly confined to blow-pipe 
operations, the above enumerated reagents are sufficient; but if, as 
is sometimes advantageously done, some simple operations of the 
hnmid method of chemical analysis are called to aid, the list must 
be-somowhat extended. The most important of these reagents, all 
of which must be kept in bottles with ground glass stoppers, are : 
Sulphuric Acid, Hydrochloric Acid, Nitric Acid, Oxalic Acid, Hy- 
drate of Potassa, Ammonia, Carbonate of Ammonia, Chloride of 
Ammonium, Molybdate of Ammonia, Ferrocyanide of Potassium, 
Ferridcyanide of Potassium, Bichloride of Platinum, Acetate of 
Lead, SulphureUed Hydrogen Water, Sulphydrate of Ammonia, 
Alcohol, DistilleV Water, 

The principal auxiliary apparatus are: Test-tubes and Test-lube 
Rack, small Porcelain Dishes, small Beaker Glasses, some Glass 
Funnels and Filtering Stand, Filtering Paper, Platinum Crucible, 
some Glass Rods and round Glass Plates, for covering beaker 
glasses, a common Spirit Lamp, and a Spirit Lamp with Argand 
Burner. 
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SECOND CHAPTER. 

GENERAL ROUTINE OP BLOW-PIPE ANALYSIS. 

§ T. On examining a, substance before the blow-pipe, with a view 
to determine its nature or to ascertain the presence or absence of 
certain matter, it is advisable to follow a systematic way, composed 
of a series of operations, and to attentively observe the changes 
which the body undergoes under the influence of the various agents 
which are brought to act upon it. The various operations which 
the assay is submitted to are so many questions, to which the 
phenomena which we observe constitute so many answers; and 
from their appearance or non-appearance, we are able to draw 
definite conclusions as to the nature of the substance under ex- 
amination. 

The following order, and the rales to be observed in the execution 
of the various operations are, essentially, the same as first pointed 
out and laid down by Berzeliu 

1. Bxamiaati 

2. Examinati 

3. Examinati 

4. Examinati 
wire per 



1 glass tube, sealed at one end, or a matrass. 
I in a glass tube open at both ends. 
1 on charcoal per se. 
1 in the platinum-pointed pincers, or on platinum 

5. Examination with borax, and salt of phosphorus. 

6. Examination with carbonate of soda. 
1. Examination with solution of cobalt. 

Regarding the size of the assay, a piece the size of a mustard 
seed will generally be found sufficient; larger pieces, without show- 
ing the reaction more distinctly, requiring so much more labor. In 
some cases, however, it is advantageous to employ a greater quan- 
tity, ex. gr. in reductions, or in heating in a glass tube; for the 
larger the metallic globule, and the greater the amount of the sub- 
limate produced, the more readily can its nature he ascertained. 
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Examination in a closed Glass Tube, or a Matrass. 

§ 8. The assay-piece ia iatroduced into a glass tube, sealed at 
one end, or into a small matrass, and heat applied by means of a 
common spirit lamp. The heat must at first be very low, but may 
be gradually raised to redness, if necessary. By this treatment we 
learn: 

§ 9. 1. Whether the substance is entirely or partly volatile or not. 

Among the phenomena to be observed, the following are deserving 
of particular attention: 

The substance gives out water, which partly escapes and partly 
condenses in the colder portion of the tube. This points to the 
presence of a salt containing water of crystallization [No. 22j, or 
to the presence of a hydrate, or to such salts which contain water 
raeehaniually inclosed between the lamiuse of the crystals [No. 18 j ; 
in this case the body usually decrepitates. The drops of condensed 
water are to be examined with test-paper: an alkaline reaction de- 
notes the presence of ammonia, an acid reaction the presence of 
some volatile acid, as sulphuric, nitric, Lydroehloric, hydrofluoric 
acid, &c. 

§ 10. The substance gives out a gas or vapor. Those of most 
usual occurrence are: 

a. Oxygen, easily recognized by rekindling into flame a match 
which has been extinguished, sO' as to leave only a spark at the 
extremity; points to the presence of a peroxide, nitrate, chlorate, 
bromate or iodate [No. 20]. 

b. Sulphurous acid, easily recognized by its peculiar odor and 
action on blue litmus paper; indicates the presence of a sulphate or 
sulphite [No. 32]. 

c. Sulphuretted hydrogen, recognized by its peculiar odor; indi- 
cates the presence of sulphides containing water. 

d. Nitrous acid or peroxide of nitrogen, rocogniaed by its deep 
orange red color and acid reaction; indicates the presence of a 
nitrite or nitrate [No. 23]. 

e. Carbonic acid, recognized by causing a turbidity in a drop of 
lime-water suspended from a watch-crystal and exposed to the 
escaping gas; points to the presence of a carbonate. 
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/. Cyanogen, recognized by its peculiar odor and by burning with 
a crimson flame; indicates tlie presence of a cyanogen-compound. 

g. Ammonia, recognized by its odor and alkaline reaction; indi- 
cates the presence of an ammoniaeal salt or of an organic nitro- 
genous substance; in the latter case, the mass usually blackens, 
and evolves at the same time either cyanogen or empyreumatic oils 
of offensive odor [So. 3]. 

I II. The substance yields a sublimate. The sublimate is either 
■white or possessed of a peculiar color. White sublimates are 
formed by 

a. Many salts of ammonia; on removing the sublimate from the 
tube, placing it on a watch-crystal, adding a drop of hydrate of 
potassa, and applying heat, ammon a 1 d []\ 19] 

b. The chlorides of mercury; th b hi d b! m without 
previous fusion; the protochloride f ft t th blmes; the 
sublimate is yellow while hot, but b m h t If, [Nos. 
39 and 40]. 

c. Oxide of antimony; it fuses first to a yellow liquid, then sub- 
limes; the sublimate consists of lustrous needle-shaped crystals 
[No. 24]. 

d. Arsenoua acid; the sublimate consists of octahedral crystals 
[No. 25]. 

e. Tellurous acid ; shows a reaction similar to that of ozide of 
antimony, but ret^uires a much higher temperature; the sublimate 
is amorphous. 

Sublimates possessed of metallic lustre, so-calied metallic mir- 
rors, are formed by: 

a. Metallic arsenic and arsenides containing more than one 
equivalent of arsenic to two of metal, also, some sulph-arsenides 
[No. 77]; cutting the tube below the sublimate, and exposing the 
mirror to gentle heat in the flame of a spirit lamp, the peculiar odor 
of arsen'O is perceived. 

b ereury, amalgams, and some salts of mercury; the sublimate 
consists of minute globules of metallic mercury, which, by friction 
with a piece of copper wire, readily unite to larger globules [No. it}, 

c. Some alloys of cadmium. 

d. Tellurium; only at a very high temperature; the sublimate 
consists of small globules, which solidify on cooling. 
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Sublimates possessed of distinct color are formed by: 

a. Sulphur and sulphides containing a large amount of sulphur; 
the sublimate is from deep-yellow to brownish-red while hot, but 
pure sulphur-yellow when cold [No. 75]. 

b. The sulphides of antimony, aloae or iu combination with other 
sulphides; the sublimate forms only at a very high temperature, 
and is deposited at a short distance from the assay-piece; it is 
black while hot, reddish-brown when cold [No. 14]. 

o. The sulphides of arsenic and some componnds of metallic sul- 
phides with arsenides; the sublimate is dark brownish-red while 
hot, but from reddish-yellow to red when cold [No. 80]. 

d. Cinnabar; the sublimate is black, without lustre, and yields 
a red powder on being scratched with a knife [No. 81]. 

e. Selenium and some selenidea; the sublimate appears only at 
a high temperature, is of a reddish or black color, and yields a dark- 
red powder; at the open end of the tube the peculiar odor of 
selenium (resembling rotten horse-radish) is perceived [No. 87]. 

§ 13, 2. Whether the substance undergoes any change, or re- 
mains unaltered. 

Many substances, under this treatment, suffer physical changes 
without being affected in their chemical constitution. A great 
many minerals, when heated, decrepitate; others phosphoresce, a^ 
fluor-spar and apatite. The most important of these physical 
changes, is that of color: from white to yellow, and white again 
on cooling, points to oxide of zinc [No. 36] ; from white to yellowish- 
brown, dirty pale-yellow on cooling, points to oxide of tin [No. 33] ; 
from white to brownish-red, yellow when cold, and fusible at a red 
heat, points to oxide of lead [No. 72] ; from white to orange-yellow 
or reddish-brown, pale yellow when cold, and fusible at a bright 
red heat, points to teroxide of bismuth ; from red to black, and red 
again on cooling, points to sesquioxide of iron [No. 64]. 

Examination in a Glass Tube open at both ends. 

§ 13. The assay-piece is introduced into the tube to a depth of 
about half an inch, the end to which it lies nearest slightly inclined, 
and heat applied. The air contained in the tube becomes heated ; 
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it rises, escapes from the upper end, and fresh air enters from be- 
low. In this manner a calcination is effected, and many substances 
which remained unchanged when heated in a matrass, yield subli- 
mates or gaseous products when subjected to this treatment, owing 
to the formation of volatile oxides. 

By this means we can easily detect the presence of the following 
substances : 

g 14. Sulphur ; sulphurous acid is formed, which is characterized 
by its peculiar odor and action on moistened litmus paper [N'o. TB"). 

§ 15. Arsenic ; if present in sufficient quantity it yields a white 
and very volatile sublimate of arsenous acid, consisting of minute 
octahedral crystals ; by application of gentle heat it may be driven 
from one place to another [No. tlj. 

§ 16. Antimony ; white fumes of antimonious acid are given out 
which partly escape, and partly condense in the upper part of the 
tube. The sublimate is a white powder, and may, if consisting of 
pure antimonious acid,be volatilized by heat. In most cases, however, 
the oxidation proceeds farther, and the atitimonate of the oxide of 
antimony, a non-volatile white powder, is formed [No. 41]. 

g 11. Metallic Bismuth ; it is converted into oxide, which con- 
denses at a short distance from the assay, and which, by heat, may 
be fused to brownish globules [No. 43]. 

Mercury and amalgams ; yield sublimates of metallic mercury 
[No. «]. 

g 18. Tellnrinm and tellurides ; telliirous acid is produced, which 
condenses in the upper part of the tube to a white non-volatile pow- 
der ; on application of heat it fuses to colorless globules. 

Selenium and selenides ; evolve a gaseous oxide of a peculiar 
odor, resembling that of rotten horse-radish [No. 81]. 

Examination on Charcoal per se. 
§ 19. In examinations of this kind, particular attention must be 
paid to the odor of the escaping gases, and to the color and other 
properties of the rings, or coatings, which form on the charcoal 
around the assay-piece. The interior [reduction flame, U Fl] and 
exterior [oxidation flame, Fl] cones of the fame acting in an op 
posite sense, the phenomena produced will be very different ; hcncei 
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two assays should always be made, exposing the substance first to 
tho action of the Fl and then to the action of the E Fi. The fol- 
lowing bodies undergo, when subraitted to this treatment, charac- 
teristic changes, 

§ 20. Arsenic; It is volatilized without previous fusion, the Ch 
is covered with a white Ct, which is far distant from the assay- 
piece, and which is produced by both the Fl and K Fl ; the Ct 
is very volatile, and is easily driven away by tho BIp flame, emit- 
ting the peculiar alliaceous odor characteristic of arsenic [No. 43], 

§ 21. Antimony : It enters readily into fusion and covers the Ch 
with white oxide ; the ring is not so far distant iVom the assay- 
piece as in the case of arsenic ; it may he driven away by the BIp 
flame, but is not so volatile as that of arsenic, and does not emit 
an alliaceous odor. Metallic antimony, when fused on Ch and 
heated to redness, remains a considerable time in a state of ignition 
without the aid of the BIp, disengaging, at the same time, a thick 
white smoke, which is partly deposited on the Ch around the me- 
tallic globule in white crystals of a pearly lustre [No. ilj. 

§ 22. Bismuth : It fuses readily in both flames and covers the Ch 
with oxide, which is dark orange-yellow while hot and lemon- 
yellow when cold. The yellow Ct is usnaliy surrounded hy a white 
ring, consisting of carbonate of bismuth. The Ct is somewhat 
nearer the assay than that of antimony ; it may be driven away by 
both flames ; but the oxide of antimony, when played upon with the 
E Fl, imparts to the flame a greenish-blue tinge, which the oxide 
of bismuth does not [No. 43]. 

g 23. Lead : It fuses easily and coats the Ch in both flames 
with oxide, which is dark lemon-yellow while hot and sulphur- 
yellow when cold ; in thin layers it is bluish-white and consists of 
carbonate. The Ct is found at the same distance from the assay 
as that of bismuth ; it may bo driven away by both flames ; when 
played upon with the R Fl it imparts to the flame an azui'e-blue 
color [No. 11]. 

§ 34. Cadmium : It fuses readily ; exposed to the Fl it burns 
with a dark-yellow flame, emitting brown fumes of oxide which 
cover the Ch around the assay. This Ct is very characteristic; it 
is, when cold, of a reddish-brown color, in thin layers orange-yellow; 
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it is easily volatilized by both flames, without imparting a color to 
them [No. 44]. 

§ 25. Zinc : It fuses readil/ ; exposed to the Fl it burns with 
an intensely luminous green ish-whito flame, emitting at the same 
time a thick white smoke which, partly condensing on the Ch, 
covers it with oxide, yellow while hot and white when cold. The 
Ct when played upon with the Fl becomes luminous, but does 
not disappear [No. i6j. 

g 26. Tin : Ifc fasea readily ; exposed to the Fl it is converted 
into oxide, which may be blown away and thus be made to appear 
as a Ct ; it ia always found closely surrounding the assay-piece, is 
slightly yellow and luminous while hot, white \^heQ cold, and non- 
volatile in both flames. Exposed to the R Fl the molten metal 
retains its bright metallic aspect [No. 13]. 

§ 21. Silver : "When exposed for a long time to the action of the 
E Fl it yields a slight dark-red Ct of oxide [No. 45]. 

§28. Selenium: Itfuses very readily inboth flames with disengage- 
ment of brown fumes ; at a short distance from the assay a steel- 
gray Ct of a feeble metallic lustre is deposited ; played upon with 
the R Fl it disappears with emission of a strong odor of rotten 
horse-radish, at the same time imparting to the flame a fine blue 
color [No. 8t]. 

§ 29. Tellurium : It fuses very readily and coats the Ch in both 
flames with tellurous acid ; the Ct is not very far distant from the 
assay ; it is of a white color with a red or dark-yellow edge ; played 
upon with the R Fl it disappears, imparting to the flame a green 
tinge. 

§ 30. Besides the above named nietais there are some other sub- 
stances which, when treated before the Blp upon Ch cover it with 
coatings, which may be driven away when played upon with the 
Fl, and which show in many eases a great resemblance to the 
Ct produced by antimony. Among the bodies possessing this 
property the following are the most frequently occurring oaea : 

The sulphurides of potassium, sodium, and lithium. 

The chlorides of ammonium, potassium, sodium, and lithium. 

The chlorides of mercury, antimony, zinc, cadmium, lead, bis- 
muth, tin, and copper. 
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The bromides and iodides of potassium and sodium. 
Eitamination in the Platinum-pointed Pincers. 

§ 31. This experiment serves a double purpose. It acquaints ub 
with the degree of fusibility of the assay, and shows the presence 
or absence of such substances which possess the property of impart- 
ing to the flame a peculiar color. Many metals, the sulphurides, 
and some other compounds act upon metallic platinum at a high 
temperature; the fusibility, &c., of such substances ought to be 
tested on Ch, Others, again, fuse so easily that they cannot be 
held a sufBciently long time between the pincors to observe the 
color which they impart to the flame ; they are most conveniently 
attached to the hook of the platinum wire, which is best done by 
heating the wire to redness and then touching the powder of the 
assay with it ; a sufficient quantity generally remains adhering to 
the wire. 

Some minerals decrepitate violently as soon as they are touched 
with the flame ; in such caiies, Eerzelius advises to powder the sub- 
stance veiy finely in an agate-mortar with addition of a little water, 
to place one or two drops of the mixture on a piece of Ch, and to 
gently heat it by means of the BIp flame until the mass lies loosely 
upon the Ch ; it may then be taken up and held by the pincers. 
The same process is advantageously employed with substances which 
fuse only at a very high temperature In all other cases the sub- 
stance is roughly powdered and a thin piece which shows promi- 
nent edges selected for the experiment 

The assay is exposed to the action of the inner cone of the flame, 
when the outer cone may exhibit the following changes of color: 

§ 32. 1. Yellow. 

Soda and its salts cause an enlargement of the outer flame, and 
impart, at the same time, an intense reddish-yellow color [No, 18]. 
The presence of other substances which also possess the property 
of coloring the flame, but not in so high a degree, does not prevent 
the reaction. Silicates containing soda, exhibit the same phenome- 
non to a smaller or greater extent, according to their degree of 
fusibility and the amount of soda which they contain [No. 62]. 
With many salts of soda, which do not exhibit the reaction very 



distinctly, it can be produceii by mixing the salt with some chloride 
of silver to a paste (v. § 5), fastening it to the hook of a thin iron- 
wire, and then exposing it to the action of the inner flame, 

§ 33 2. Violet. 

Potassa and many of its salts impart to the outer flame a distinct 
violet color [No. 15]. The presence of a small quantity of a salt 
of soda or lithia prevents the reaction. An addition of chloride 
ot sUyer favors the reaction with the carbonate, nitrate, and some 
other salts of potassa. 

§ 34. 3. Eed. 

Lithia and its salts impart to the outer flame a fine carraine-red 
color [No. 63] ; the chloride of lithium shows the reaction better 
than any other salt. The presence of a salt of potassa does not 
prevent the reaction ; the presence of even a small quantity of a 
salt of soda changes the color to yellowisb-red. An addition of 
chloride of silver favors the reaction with many salts of lithia. 

Chloride of strontium and some other salts of strontia, ex. gr. 
the carbonate and the sulphate, color the outer flame, immediately 
or after a while, carmine-red [No. 5T]. The presence of baryta 
prevents the reaction. The carbonate and sulphate of strontia 
show the reaction remarkably well when mixed with chloride of 
silver and heated on iron-wire (v. | 5). 

Chloride of calcium, calcareous spar, many compact limestones, 
and fluor-spar, color the outer flame, immediately or after a while, 
red ; the color is not so intense as that produced by strontia. 
Gypsum and anhydrite impart at first a pale yellow, afterwards a 
red color of little intensity [No. 56]. An addition of chloride of 
silver usually increases the intensity of the color. 

§ 35. 4. Green. 

Chloride of barium, carbonate and sulphate of baryta, color the 
outer flame ycUowish-green. The presence of lime docs not pre- 
vent the reaction [No. 58]. An addition of chloride of silver 
makes the color moch more intense. 

Oxide of copper and some of its salts, ex. gr. the carbonate, 
snlphate, and nitrate, impart to the outer flame a fine emerald- 
green color. Iodide of copper and some silicates containing copper, 
es. gr, diopfase and chrysocolla, act in the same manner [No. 131 
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An addition of chloride of silver produces increased intensity 
of color. 

Phosphoric acid, phosphates, and minerals containing phosphoric 
acid, impart to the outer flame a hlaish-green color [Ko. 3]. 

Boracic acid colors the outer flame yellowish-green {greenfinch 
color) [No. 5] ; if a small quantity of soda is present tlie color is 
mixed with yellow. 

Moiybdic acid, oxide of molybiienum, and the native sulphide 
of molybdenum, color the outer flame yellowish-green, like baryta 
[No. 83]. 

Tellurous acid enters into fusion, emits white fumes, and colors 
the outer flame green. 

§ 36. 5. Blue. 

Arsenic and some arsenides, ex. gr. smaltine and copper-nickel 
[No. 82] when heated on Ch impart a light-bluo color to the outer 
flame. Some arsenates, ex. gr. scorodite and cobalt bloom, exhibit 
the same phenomenon in the pincers. 

Antimony, fused on Ch in E, Fl is surrounded by a very feeble 
bluish light [No. 41]. 

Metallic lead, fused on Ch in R Fl is surrounded by an azure- 
blue light. Many salts of lead, heated in the pincers or on platinum 
wire, impart an intense azure-blue color to the outer flame [No. 11]. 

Chloride of copper colors the outer flame intensely azure-blue ; 
after a while the color becomes green, owing to the formation of 
oxide of copper [No. 37]. 

Bromide of copper colors the outer flame greenish-blue ; after a 
while the color changes to green. 

Selenium, fused on Ch in E PI vaporizes with an aaurc-blue light. 

Examtnahon uUh Bcrax and Salt of Phosphorus. 
§ 3T The examination of the ai'-av with boras and salt of phos- 
phorus IS emmently adapted to detect the presence of metallic 
oxides a gieat number of them po«se«sing the property of being 
at a high temperature dissolved by these fluxes with a peculiar 
color. Unoxidized metils and mftallic sulphides, arsenides, &c., 
differ in this rc-pect irrv niitLinllv fiom the pure oxides; hence 
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it is necessary, before performing tbe experiment, to eoavert all 
such substances into oxides. This is effected by calcination, on 
Ch or in aa open glass tube. The finely powdered assay is placed 
on Ch and alternately treated with the Fl and K PI, and this 
process is repeated until the substance no longer emits, while in 
the incandescent state, the odor of sulphur or arsenic. The heat 
must never be raised so high as to cause fusion, and between every 
two BQcceeding calcinations the assay should be taken from the Ch 
and freshly powdered. 

The experiment is generally made on platinum wire, whore the 
color of the bead is more readily observed ; Ch is used only in such 
cases where the substance under examination contains metallic 
oxides which are easily reduced. It is not sufacient to observe 
the color of the bead after cooling ; but all changes of color which 
take place during the action of the flame, and through all tbe 
various stages of cooling, should be carefully noticed. 

Some substances possess the property of forming a limpid glass 
with borax, which preserves its transparency on cooling, but which, 
if sliglitiy heated in the Fl, becomes opaque, when the flame 
strikes it in an unequal or intermittent manner. This operation 
has received the name of " flaming," and any substance thus acted 
upon is said to hecome "opaque by flaming." 

The third and fourth columns of Tables I and II exhibit the 
behavior of the most important oxides to borax and salt of phos- 
phorus. 

In Table III the oxides are arranged with reference to the color 
Which they impart to the beads in F] and R Fl. 

Examination with Carbonate of Soda. 

^ 5 38. In subjecting a body to the treatment of Sd we have to 
direct our attention to two points. 

Some substances unite with Sd to fusible compounds, others form 
infusible compounds, and others again are not acted upon at all ; 
in the last case the Sd is absorbed by the Ch and the assay is loft 
unchanged. With Sd unite to fusible compounds with cfl'ervescenee : 

§ 39. Silicic ncid ; it fuses to a transparent glassy bead which, 
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after cooling, remains transparent if the Sd has not been added 
in excess [No. 54j. 

Titanic acid ; it fuses to a transparent glassy bead which, wheu 
coll], is opaque and of crystalline structure [No. 65]. 

Tungstic and niolybdic acids ; the mass, after tbe union has been 
effected, is absorbed by the Oh [No. 31 and Ng. 34]. 

Tbe salts of baryta and strontia form with Sd fusible compounds 
which are absorbed by the Ch [No. 5T and No. 58]. 

§ 40. The second point to be observed is the elimination of 
metallic matter. Of the metallic oxides, when treated with Sd on 
Ch in B Fl, are reduced : the oxides of the nobie metals and the 
oxides of arsenic, antimony, bismuth, cadmium, copper, cobalt, iron, 
lead, mercury, nickel, tin, zinc, molybdenum, tungsten, and tellurium. 
Of these, arsenic and mercury vaporize so rapidly that frequently 
not even a coating is left on the Ch. Antimony, bismuth, cadmium, 
lead, zinc, and tellurium are partly volatilized and form distinct 
coatings on the Ch. The non-volatile reduced metals are found 
mixed up with the Sd. To separate them from the adhering Sd 
and Cb powder, we may proceed in the following manner : 

The fused mass of Sd and meta!, and the portion of the Ch im- 
mediately below and around the assay, is placed in the little agate 
mortar, rubbed to powder, tbe powder mixed wltb a little water. 
and stirred up. Tbe heavy metallic particles settle to tbe bottom, 
part of the Sd dissolves, and tbe Ch powder remains suspended in 
the water. The liquid is carefully poured off, and the residue 
treated repeatedly in the same manner until all foreign matter is 
removed. The metal remains behind as a dark heavy powder or, 
When the metal is ductile and easily fusible, in the shape of small 
flattened scales of metallic lustre. If the substance under exami- 
nation contains several metallic oxides, the metallic mass obtained 
is usually an alloy, in which the several metals may be recognized 
by processes to be described hereafter. It is only in some excep- 
tional cases that separate metallic globules are obtained, ex. gr. in 
Bubstances containing iron and copper. 

For a more detailed account of the behavior of tho various 
metallic oxides under this treatment, see the second column of 
Tables I and II. 
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g 41. The examiaation with Sd is usually performed on Ch in 
the R Fl, and, as a general rule, the flux is added successively in 
small portions. This is particularly necessary when the assay is 
to be tested for its fusibility with Sd, since a great many minerals, 
&c., behave very differently with different quantities of the flux. 

§ i2. Instead of carbonate of soda, the neutral oxalate of potassa 
or cyanide of potassium may be advantageously used for all experi- 
ments of reduction, since these reagents exercise a more powerful 
reducing action than common Sd. They are, for this reason, fre- 
quently employed when the presence of such metallic oxides is sua- 
pected, whose conversion into metals require high temperatures 
and the aid of a very efficient deoxidizing agent. 

Examination with Solution of Cobalt. 

§ 43. A few substances, when moistened with a solution of nitrate 
of cobalt and exposed to the action of the Fl, assume a peculiar 
color. The use of this test is, however, very limited, since the 
reaction can only clearly be seen in such bodies which, after 
having been acted upon by the PI, present a white appearance, 
or nearly so. 

§ 44, Substances which are sufGcicntly porous to imbue a liquid, 
are merely moistened with a drop of S Co, placed into the platinum- 
pointed pincers, and treated with the O Fl. Other substances must 
be powdered, the powder placed on Ch, wetted with a drop of S 
Co, and treated as above. The color can only be distinguished 
after cooling. A bluish color, of more or less purity, indicates the 
presence of alumina [No. 21] ; and a pale-reddish color [flesh-coior] 
that of magnesia [No. 59]. It must, however, be borne in mind 
that the alkaline and some other silicates, when heated with S Co 
to a temperature above their fusing point, also assume a blue color 
owing to the formation of silicate of cobalt. In testing for alumina^ 
therefore, the heat must not be raised so high as to cause fusion of 
the assay. In testing for magnesia this precaution is not necessary ■ 
on the contrary, the color will appear the brighter and the more 
distinct, the higher the temperature to which the assay was 
exposed. 
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§ 45. Among the oxides of the heavy metals, those of zinc and 
tin assume characteristic colors with S Co. The reaction is beat 
seen when the assay, alone or mixed with Sd, is exposed to the R 
■pi on Ch. The ring of oxide which is deposited around the assay 
is then moistened with S Co and treated with the Fl. Oxide of 
zinc takes a fine yellowish-^reeii, and oxide of tin a bluish-green 
color [No. 36 & Ko. 33]. 

§ 46. Besides the compounds above mentioned there are some 
others which, when exposed to the action of S Co and O Fl, expe- 
rience a change of color. These bodies are either of very rare 
occurrence, or the change produced in them is not sufficiently dis- 
tinct. It will, therefore, be sufficient merely to mention the names 
of the compounds and the color which S Co imparts to them: 

Baryta [browaisb-red], tantalic acid [flesh -color], zirconia and 
phosphate of magnesia [violet], titanic acid, niobic acid, and anti- 
moiip acid [green], strontia, lime, glucina, and pelopie acid [gray]. 
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THIRD CHAPTER. 



SPECIAL REACTIONS FOR THE DETECTION OF CERTAIN SUBSTANCB8 
WHEN IN COMBINATION WITH OTHERS. 

§ 41. The preceding chapter and accompanying table show the 
changes ^rhich many of the simple chemical compounds undergo 
when heat«d, or when treated with the usual blow-pipe reagents. 
The reactions are sufficiently characteristic to diatinguish the 
various compounds from each other, so that, when any of the 
above named substances in a pure state ia under examination, 
there is no difftculty to determine its nature. This, however, is 
not of frequent occurrence, and in the majority of cases the body to 
be tested will be of a more complex nature. The results of the 
experiments will vary accordingly. For instance, an ore of cobalt, 
containing iron, will not impart to the bead of Bx or S Ph in the 
O Fl a blue color, but a green one, resulting from the mixture of 
the blue of cobalt and the yellow of iron; lead, when accompanied 
by antimony, deposits a dark-yellow coating on Ch resembling that 
of bismuth, &c. In such cases we may often, by attentively ob- 
serving all the phenomena which present themselves, and by care- 
fully comparing the results obtained by the various experiments, 
detect many, if not all, of the components of the substance under 
examination. Sometimes we attain this end quicker by varying 
the order, or by introducing auxiliary agents into the series of 
experiments; and in other cases, again, it is only to be arrived at 
by subjecting the assay to treatments different from those men- 
tioned in the preceding pages. 

This chapter contains the principal reactions for the detection of 
substances which require the application of peculiar agents, and the 
methods for ascertaining the presence of certain bodies when in 
combination with others. The alphabetical arrangement will be 
found of practical use. 

(3") 
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AmTtionia. 

§ 48. Small quantities of ammonia are best detected by mixing 
the powdered assay [So. 19] with some carbonate of soda or 
caustic potassa, introducing the mixture into a glass tube, scaled 
at one end, and applying heat. The escaping gas is characterized 
by its odor, and by its action on reddened litmus paper. From 
the appearance of this reaction we are, however, not authorized to 
infer the preesistence of ammonia in the assay, since from organic 
matter containing nitrogea, when subjected to this treatment, 
ammonia is evolved as a product of decomposition. 



The reactions of antimony and its compounds, see § 11, § 16, § 31, 
§ 36, and Table II, 1. 

g 49. In presence of lead or bismuth, antimony can not be detected 
by its Ct on Ch. In this case the metallic compound [No. 48, or 
No. 85] is treated with vitrified boracic acid on Ch, the flame being 
so directed that the glass is always kept covered with the blue 
cone, the metallic glohule being on the side ; by this means the 
metals become oxidized, the oxides of lead and bismuth are ab- 
sorbed by the boracic acid, and the antimonious acid will form a 
ring on the Ch, provided the temperature was not raised too high, 

g 50. When combined with metals from which it is not easily 
separated, ex. gr. copper, the evaporation of the antimony takes 
place so slowly that no distinct Ct is produced. In this case the 
assay [No. 86] is treated with S Ph on Ch in the Fl, until the 
antimony, or at least part of it, has become oxidized and entered 
into the flux. The glass is now removed from the metallic globule 
and treated on another place of the Ch with metallic tin in the 
E. Fl ; the presence of antimony will cause the glass to turn gray 
or black on cooling [Table 11, 1]. Bismuth behaving under these 
circumstances in the same manner, the presence of this jnetal 
makes the reaction not decisive for antimony. The humid way 
has then to be resorted to. 

§ 51. When the oxides of antimony are accompanied by such 
metallic oxides which, when reduced on Ch, fuse with the metallic 
antimony to an alloy, as is ex. gr. the case with the oxides of tin 
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and copper, the latter cannot be recognized by a simple reduction. 
The oxides have to be treated with a mixture of Sd and Bx on Ch 
in the R Fl, The little metallic globules are separated from the 
flux, and fused with from three to five times tLeir own volume of 
pure lead and some vitrified boracic acid in the R Fl, care being 
taken to play with the flame only on the glass. Antimonious acid 
is volatilized, depositing the characteristic ring, while the oxides 
of the other metals are absorbed by the boracic acid. 

§ 52. The sulphides of antimony, when heated in the open glass 
tube, show the reaction mentioned g 16. When accompanied by 
sulphide of lead [No. 89], only a small part of the antimony is 
converted into antimonious acid, which sublimes ; the remainder is 
changed into a white powder consisting of a mixture of antimonate 
of oxide of antimony, sulphate of lead, and antimonate of lead. 
When a compound containing sulphide of lead or bismuth, besides 
sulphide of antimony, is heated on Oh in the R Fl, a Ct is deposited 
consisting of antimonious acid mixed with sulphate of lead or bis- 
muth, and, nearer to the assay, a yellow one of the oxides of lead 
or bismuth ; how in such a case the presence of antimony may be 
ascertained v. § 87. 

§53. To detect a small amount of sulphide of aitimm ia aal- 
phide of arsenic, Plattner strongly recommends the following 
method, by which he obtained very decisive and satisfactory re- 
sults : The assay [No. 88] is introduced into a glass tube, sealed 
at one end, and gently heated ; the sulphide of areenic is volatilized, 
and the greater part of the sulphide of antimony remains as a 
black powder in the lower end of the tube; this end is cut off, 
the black substance taken out and transferred to a tube open at 
both ends. By applying heat the characteristic antimony-reaction 
will appear. 

Arsenic, 

The reactions of arsenic and its compounds, sec 8 H, 8 15 g 20 
§ ;{4, and Table II, 2. 

§ 54. All metallic arsenides yield, when heated in the open glass 
tube, a sublimate of arscnous acid (v. § 15), a.nd most of them 
evolve a garlic odor (v. § 20) when heated on Ch in R Fl [No. t:]. 



-ooglc 



i2 elderhorst's manual of 

Some metals, ex. gr. nickel and cobalt, have a great affinity foi 
arsenic, so that, when oaly a small quantity of the latter is present, 
the charatteriatie odor is act observable ; in such cases it is some- 
times produced when tho metallic compound is fused on Ch with 
some pure lead in the Fl. 

§ 55. The sulphides of arsenic, heated ia the open glass tube, 
evolve sulphurous acid and yield a sublimate of arsenous acid. To 
show in a very decisive manner the presence of arsenic in any of 
its combinations with sulphur, the powdered assay [No, 80] is 
mixed with six parts of a mixture of equal parts of cyanide of 
potassium and carbonate of soda, the mass introduced into a tube 
sealed at oae end, and heat applied, at first very gently but gradu- 
ally raised to redness. A ring of metallic arsenic will be deposited 
in the colder part of the tube 

§ 56. When sulph-arsenides arc heated on Ch, the whole of the 
arsenic, especially when only small quantities are present, may pass 
offin combination with sulphur; but when such compounds [No. 88] 
are mixed with from three to four parts of cyanide of potassium and 
exposed to the R Fl sulphide of potassium is formed and tho 
ar'ienic e-^capes w ith its peculiar odor 

§ 5" To detect a \cry small quantity of arsenous acid the fol 
lowmg way may be puisucU a gk'is tube proiidcd with a small 
bulb at one end is cIor>e abo>e it narrowly drawn out the a ^lav 
[No 88] IS introduced into the bulb and a charcoal spl nter placed 
into the tule the narrow aperture thiough which the tube com 
municatefl with the bdb prevents the Ch from coming m contact 
with the substance The tuljc is then heate 1 to redness at the 
place where the charcoil spl ntcr lies ind as soon a'5 th a it. mean 
descent heat is also applied to the bull The arsenous acid is 
volatilized and its vapors while passing over the red hot charcoal 
become reduced and deposit a black metallic ring of arsenic in the 
colder part of the tube. By cutting the tube below the rng and 
heating this part by the flame of a spirit>-lamp, the arsenic is vola^ 
tilized, thereby emitting its characteristic odor. 

§ 58. To show the presence of arsenic ia arsenites and arsenates, 
it will in most cases be sufficient to mix the substance [No. 38] 
with carbonate of soda and heat it on Ch in R Fl. Sometimes it 
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Ie necessary to treat the assay with a mixture of carbonate of soda 
and cyanide of potassium in the manner mentioned, g 55 ; and in 
other cases again, where but small quantities of arsenoua or arsenic 
acid are combined with metallic oxides which are readily reduced, 
recourse must be had to the humid way. 

The reactioaa of bismuth and its compounds, see § 13, § 11, g 22, 
and Table II, 3. 

I 59. Bismuth when alloyed with other metals, or when as sul- 
phide in combination with other sulphides, is in many cases, and 
most especially so when accompanied by lead or antimony, not to 
be detected by the ring which it deposits on Ch. In such a case 
the assay [No. 49] is treated on Ch until a copious yellow Ct is 
formed. The Ct is carefully scraped off from the Ch and dissolved 
in S Ph on platinum wire with the O PI. The colorless bead is 
remoYcd from the wire, placed on Ch, a little metallic tin added, 
and the whole exposed to the R Fl. If bismuth was present, the 
glass assumes, on cooling, a dark-gray or black color. The oxides 
of antimony showing the same behavior, the assay, if not quite 
free from antimony, haa to be treated on Ch in the PI until the 
whole of it has been volatilized, and the remaining mass treated on 
another piece of Ch as above mentioned. 

Boraem Acid. 

§ 60. With many borates, which do not impart to the outer flame 
the peculiar yeJlowish^rcea color [v. g 35], this reaction maybe 
produced by reducing the substance [No. 3] to powder, adding a 
drop of concentrated sulphuric acid, fastening the mixture into the 
hook of the platinum wire, and playing on it with the blue cone of 
the Same. 

§ 61. Another way, and by which even a very small quantity of 
boracic aoid in salts and minerals maybe detected, is: to reduce the 
substance to a very fine powder, to mix it with from 3 to 4 parts 
of a mixture of 4^ parts of bisulphate of potassa and 1 part of fluor- 
spar, and to knead the whole with a little water into a thick paste. 
This mass is then fastened to a platinum wire, and exposed to the 
blue cone of the flame. While the mass enters into fusion fluoboric 
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acid is formed which, on escaping, colors the flame intensely yel. 
iowish-green. The reaction appearing sometimes only for a few 
seconds, the flame should he very attentively watched during the 
whole time of the experiment. 

Bromine. 

§ 62. Bromides treated with S Ph and oxide of copper on pla- 
tinum wire, or treated with sulphate of copper on silver foil, show 
the same reaction as chlorides (v. § 66), with this difference, that 
the blue color of the outer flame ia rather greenish, especially on 
the edges [No. 16]. 

§ 63. To discriminate bromides from chlorides more distinctly, 
the bromide is fused with bisulphate of potassa, both in the anhy- 
drous state, in a small matrass with long necL Sulphurous acid 
is evolved, and the matrass is filled with yellow vapors of bromine, 
characterized by their peculiar odor. The color of the gas is only 
clearly seen at daylight. 
Gadmium. 

The reactions of cadmium and its compounds, see §§ 11, 34, and 
Table II, 4. 

§ 64. To detect a very small quantity of cadmium, one per cent, 
or less, in zinc or its ores, the pulverized assay is mixed with Sd 
and exposed for a short time to the K Fl on Ch. A distinct Ct of 
oxide of cadmium is deposited. The zinc being less volatile, evapo- 
rates only with continued blowing [No. 53j. 
Chlorine. 

§ 65. Some oxide of copper is dissolved by means of the O Fl in 
a bead of S Ph on platinum wire, until it has assumed a deep-green 
color. Some grains of the pulverized assay [No. 18] are then made 
to adhere to the bead, and both heated with the blue cone of the 
flame. If chlorine is present the flame now assumes an intense 
azure-blue color, owing to the formation of chloride of copper (v. § 36). 
Tliis test is very delicate, and will show the presence of a very mi- 
nute quantity of chlorine. 

§ 66. Another method is to place on silver-foil some protosulphate 
of iron, or some sulphate of copper, to moisten it with a drop of 
water, and then to add the assay [No. 18]. After a while the 
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sUver will be found blackened. Substances which are insoluble in 
water have previously to be fused with a little Sd on platinum wire, 
to form a soluble chloride [No. 10]. 

Chlorides, when moistened with sulphuric acid and exposed to 
the Bip flame, impart to it a faint green coloration which, however, 
is generally confined to the inner cone, and is quantitatively of 
much less intensity than that produced with borates, A small 
amount of boracic acid, when occurring together with a chloride, 
can, therefore, not be detected by the method mentioned § 60. 

Chromium. 

5 67. Oxide of chromium gives very characteristic reactions with 
the fluxes on platinum wire (v. Table II, 6), but when accompanied 
by a large quantity of iron, copper, or other substances which also 
intensely color the Ex and S Ph beads, the chromium color fre- 
quently becomes very indistinct. 

§ 68. In snch a case, and when the chromium is not in combina- 
tion with silicic acid, its presence may be detected in the following 
manner; The assay-piece [No. 11] is reduced to a fine powder and 
mi.fed with about four times its own volume of a mixture of equal 
parts of Sd and nitre. The mass is fastened into the hook of a 
thick platinum wire, or placed into a small platinum spoon, and 
treated with a powerful Fl. An alkaline chromate is formed 
which is dissolved in water, the solution supersaturated with acetic 
acid, and a crystal of acetate of lead added. If chromium was pres- 
ent, a yellow precipitate of chromate of lead will appear. The 
precipitate may be collected on a filter and tested in the Bx and S 
Ph beads, when the characteristic chromium-reactions will be pro- 
duced. 
Cobalt. 

The reactions of cobalt, see Table II, 7. 

g 69. To detect cobalt when in combination with other metals, 
V. § 83. 

To show its presence in arsenides, the assay [No. 78] is placed 
on Ch and heated until no longer fumes of arsenous acid are emit- 
ted. (Lead and bismuth, if present, form the characteristic coat- 
ings,) Bx is now added and the heat continued until the glass 
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appears colored. If the color is not pure blue, the p 
is indicated. The glass is in this case removed from the globule, 
and the latter treated repeatedly with fresh quantities of Ex until 
the pure cobalt-color is obtained. Nickel and copper, if present, do 
not enter into the flux before the whole of the oobalt is oxidized. 
If we wish to ascertain the presence of these metals, the glass which 
is colored by cobalt is removed from the globule, and the latter 
treated with fresh portions of Bx in the O Fl until the color of the 
bead becomes brown, indicative of nickel. The glass is again 
removed and the globule treated with S Ph in the Fl; when cop- 
per is present the bead assumes a green color, which remains unal- 
tered on cooling. Treated with tin on Oh the glass turns opaque 
and red. 

§ 70. To detect cobalt in sulphides, the assay [No. 19] is heated 
on Ch in the E, Fl until all volatile substances are driven off, the 
remaining mass reduced to powder, well caleinei3, and the calcined 
mass treated with Bx on Oh in the Fl. If cobalt is the only 
coloring metal present, the bead will exhibit a pure blue color j a 
small Addition of iron wilt make the glass appear green while hot, 
but blue when cold. Copper and nickel, when present to some ex- 
tent, will prevent the cobalt-color to be distinctly seen. The bead 
is ia this case exposed to the R PI until it appears transparent and 
flows quietly ; the oxides of copper and nickel are by this means 
reduced, and the pure color of cobalt, or that of cobalt mixed with 
iron, becomes apparent. 

C(ypper. 

The reactions of copper and its compounds, see g§ 35, 36, and 
Table II, 8. 

I 11. The red color which copper imparts to the Bx or S Fh 
bead, when heated on Ch in the R Fl in contact with tin (v. Table 
II, 8), is very characteristic and will in most cases clearly show the 
presence of this metal. But if only a small quantity of copper ia 
associated with other metals, the reaction is not easily obtained ; 
in this ease we may proceed as follows : 

The assay [No. 89, orNo. 86, or No. 85] is placed on Ch and played 
upon with the O Fl until antimony and other volatile metals are driven 
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Oflf. Some vitrified boracic acid is fused on Cli to a glassy g^lobule, 
the assay placed close to it, and the whole covered with a large it 
Fl. When the metallic globule begins to assume a bright metallic 
surface, the flame is gradually converted into a sharply-pointed blue 
cone, which is made to act only on the glass, leaving the metallic 
globule untouched, and so situated that it touches the glass on one 
side, and on the other side is in close contact with the Ch. During 
this process lead, iron, cobalt, part of the nickel, and such of the 
more volatile metals, that were not entirely removed by the pre- 
vious calcination, as bismuth, antimony, zinc, &c., become oxidized, 
and their oxides partly volatilized and partly absorbed by the 
boraeie acid. The remaining metallic globule is then removed from 
the flux and treated on Ch with S Ph in the Fl, when the copper 
is oxidized and dissolved. The limpid bead is then re-fused in the 
E Fl with addition of tin. A trace of copper may thus be made to 
produce distiactly the characteristic reaction. 

g 12. To show the presence of copper in comntunds which eon- 
tain much nickel, cobalt, iron, and arsenic, the assay [Ko. 82] is 
first treated with Bx on Ch in the R Fl, when the greater part of 
iron and cobalt are dissolved. The remaining globule is then mixed 
with some pure lead, and treated as shown § 71. Arsenic is for the 
most part driven off, and the rest of the iron and cobalt, with some 
nickel, absorbed by the boracic acid. The globule is removed from 
the glass and treated with S Ph in the Fl ; dark-green while hot, 
and somewhat lighter green when cold (produced by the mixture 
of the yellow of nickel and the blue of copper), indicates the presence 
of copper. 

To detect copper when in combination with tin v. g 110. 

g 73. To detect copper in sulphides, the pulverized assay [No. 
T6] is calcined, and the calcined mass treated aa above, or, when 
the amount of copper is not very small, simply treated with Bx or 
S Ph on Ch in the O Fl, and subsequently with addition of tin in 
theR Fl. The presence of copper is then shown by the red color and 
the opaqueness of the glass on cooling. This reaction is only pre- 
vented or, at least, made indistinct by antimony or bismuth, which 
cause the glass to turn gray or black. In this case the assay is, 
after calcination, mixed with Sd, Bx, and some pure lead, and the 
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niixtnre fused on Cii in the R Fl. The metallic globule ia then 
heated on Ch to drive off the antimony, and afterwards treated with 
boraeie acid as above. 

1 14. When a mineral which contains copper is heated in the 
blue cone, the outer cone of the fiame frequently assumes a green 
or, if the metal is in combination with chlorine, an azure-blue color. 
This reaction, if not produced by heating the substance alone, may 
sometimes be elicited by adding a drop of concentrated hydrochloric 
acid to the pulverized assay [No. 13], evaporating to dryness, 
mixing the dry powder with a little water to a stiff paste, fastening 
this into the hook of a platinum wire, and then exposing it to the 
blue cone of the flame. 

Fluorine. 

§ 15. To detect fluoriae in such minerals where it occurs only aa 
an accessory element in combination with weak bases, and which 
at the same time contain water, a small piece of the substance [No. 
60] is placed into a glass tube sealed at one end, a wet Brazil-wood 
paper introduced into the open end, and heat applied. Fluoride of 
silicon and hydrofluoric are evolved; the former is decomposed by 
the watery vapor and deposits a ring of silica not far distant from 
the assay, and the latter turns the red color of the test-paper into 
Straw-yellow. Micft, containing not more than | per cent, of fluo- 
rine shows the reaction very distinctly. 

§16. To show the presence of fluorine in minerals where it ia 
united with strong bases, the finely powdered assay [No. 6] is 
mixed with about four parts of bisulphate of potassa and intro- 
duced into a glass tube, sealed at one end. Heat is applied until 
snlpburic acid begins to escape. The sides of the tubes become 
covered with silicic acid, resulting from the decomposition of the 
gaseous fluoride of silicon. The tube is cut off close above the 
fiised mass, cleaned with water, and carefully dried with blotting 
paper. The dulled appearance of the glass indicates the presence 
of fluorine. 

§ 17, Another process, and by which the presence of fluorine in 
all kind of compounds may be shown, is to mix the pulverized 
assay with some S Ph which has previously been fused on Ch and 
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then reduced ^o powder; to place the mixture on platinum foil, 
which is connected with an open glass tube in such & manner as to 
constitute a kind of tubular continuation to the former, and to heat 
with the blow-pipe flame until the mass enters into fusion. If the 
flame is so directed that the products of decomposition are made 
to pass through the glass tube and a moistened Brazil-wood paper 
is introduced into the other end, the presence of hydrofluoric acid 
is indicated by the change of color which the latter experiences; 
in some cases the glass will also be dulled, or a deposit of silicic 
acid be formed. This test is very delicate. 

Gold. 

§ IB. "When gold is in combination with metals which are volatile 
at a high temperature, ex.. gr. tellurium, mercury, antimony, it is 
only necessary to heat the' alloy on Oh with the Fl, when the 
gold remains behind in a pure state and may be recognized by its 
physical properties. Lead is removed by the process of eupcllation, 
as explained in 1 102. 

§79. When associated with copper, the presence of which is 
easily detected by S Ph on Ch, the alloy, for example gold-coin, is 
dissolved in pure melted lead and the new compound subjected to 
the process of cupeliation on bone-ash. Copper is by this means 
entirely removed. To test the remaining globule for silver, it is 
treated with S Ph on Ch in the O Fl; the silver is gradually oxi- 
dized and dissolved by the glass, which when cold assumes an 
opal-like appearance. To determine approximately the relative 
proportions of the two metals, the metallic globule is taken from 
the cupel, placed in a small porcelain dish, containing some nitric 
acid, and heat applied. If the alloy contains 25 per cent, of gold 
or less, it turns black, the silver is gradually dissolv ed and the gold 
remains behind as a brown or black spungy or pulverulent mass. 
If the alloy contains more than 35 per cent of gold, the globule 
turns also black, but the silver is not dissolved If both metals are 
present in about equal proportions, the glohuTe remafns unaltered. 
If the amount of gold is considerable it is indicated by the color of 
the alloy. 

§ 80. When ^sociated with metals, which per ee are infusible 
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before the blow-pipe, as ex. gr. platinum, iridium, palladium, the 
metallic globule obtained by cupollation shows much less fusibility 
than pure gold. The esa«t nature of the foreign metals cannot be 
ascertained before the Blp; the humid way must be resorted to. 

lodirie. 

% 81. Iodides, tested with a S Ph bead which is saturated with 
oxide of copper as ebown § 65, impart to the outer flame a fine 
green color [No. 17]. 

Fused with bisuiphate of potassa in a glass tube, closed at one 
end, violet vapors are evolved, iodine sublimes, and sulphurous 
add escapes. 

§ 82. Another method, which is said to surpass in dclicaey even 
the reaction with starch, is to mix the substance with a mixture 
of carbonate of lime and quicklime, to dry the mass thoroughly, 
to add some protochloridc of mercury (corrosive sublimate), to rub 
the whole well together, and to place it in a glass tube closed at 
one end. The tube is then narrowly drawn out a little above the 
assay, and the mass heated to redness. Protiotlidc of mercury is 
formed, which sublimes in yellow or red needles into the narrow 
tube. This reaction is founded on the property of lime to decom- 
pose the protochloride of mercury, but not the protiodide. 

Irmi. 

The reactions of the oxides of iron. Bee Table II, 10. 

§ 83. The colors which iron imparts to the various fluxes are 
sufficiently characteristic to ascertain its presence in such metallic 
compounds which contain no easily fusible substances, by simply 
treating the assay with Bx on Ch in the PI. When lead, tin, 
bismuth, antimony, or zinc are present, the II Fl is employed, and 
directed in such a manner that it principally touches the glass. 
Thus, the oxidation and consequent saturation of the bead with 
the oxides of these metals, is to a great extent prevented. - In 
either case the glass, while still soft, is removed from the globule 
and exposed on another place of the Ch to the E, PJ. Those metals 
whose oxides are easily reduced, are now precipitated, and the 
characteristic bottle-green color of iron is clearly observable, unless 
cobalt be present. In this case the glass is again softened with 
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the R Fl, separated from the precipitated metals fastened into the 
hook of a platinum wire and treated n ith the Fl until the w hole 
of the iron may be supposed to be con\ erted into secquioxide The 
glass, while hot, will appear green and blue when cold if only a 
trace of iron is present. But when the amount of iron is mare 
considerable, it will be dark-green while hot and bright green when 
coM, the latter color reaalting from the mixture of the blue of 
cobalt and the yellow of iron. The metali remammg behind on 
Ch after the treatment with Bx, and which frequently are only 
copper and nickel (lead, antimony and bi'.muth being volatilized) 
may be treated as shown g 71. 

To detect iron in arsenides and sulphides the assay is well cal 
cined, and the calcined mass treated as aboic [No 86 and No 79] 
g 84. The oxides of iron whea associated with i large quantity 
of manganese [No. 8i and No. 69] color the Bx bead oq platmum 
wire in the O Fl, red. To show the presence of iron tho head is 
removed from the wire, placed on Ch, and treated with tin in the 
R Fl. The vitriol-green color of i^on will appear in its purity 
When associated with the oxides Tff mangane'^e and cobalt a mmute 
quantity of iron cannot very well be detected hy means of the blow 
pipe alone. When accompanied by the p\ides of copper and niciel 
[No. 78 or No. 85], the assay is dissolved in B» on Ch in the PI 
and the glass treated as shown § 83. 

I 85. The presence of chromium prevents any conclusive deduc- 
tion as to the presence of iron from the color of the beads. In such 
a case the substance [No. 71] may be mixed with three parts of 
nitre and one of Sd, and the mixture fused in small portions 
into the hook of a thick platinum wire. The alkaline chromate is 
dissolved in water and the residue treated with the fluxes. The 
presence of the oxides of iron when associated with the oxides of 
uranium cannot be ascertained by means of the blow-pipe alone. 

The reactions of lead and its compounds, see S8 12, 23 36' and 
Table II, 12. 

§ 86, An alloy of lead and zinc [No. 50] deposits a Ct of oxide 
of lead mixed with oxide of zinc ; the presence of lead is shown 
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by the color of the Ct and by the azure-blue tinge which it imparts 
to the R Fl (v. § 23). 

An alloy of lead and bismuth [Xo 49] deposits a Ct somewhat 
darker than that of pure lead, in which the presence of bismuth 
may be detected as shown § 59, and the presence of lead by the 
azure-blue color of the H PI. 

I 81. To detect lead in sulphides, the substance is placed on Ch 
and treated with the U Fl ; the lead is detected by its Ct. An 
admixture of antimony cannot by this means be ascertained, since 
the ring of sulphat f 1 a 1 s rrounding that of the oxide, bears 
a striking resen hi n to tl Ct formed by antimonious acid. In 
this case the pu! e day [No. 85] is mixed with a sufBcient 
quantity of Sd an 1 t at 1 f a short time with the R, PI. If no 
antimony is pr sent a pur j How Ct with bluish-white edges is 
formed ; but in p n f antimony this Ct is surrounded by 
another, white f a t m nioua acid. Tlio oxide of lead Ct 

appears, moreo da k than usual, resembling that of bismuth, 
owing probablj to the fo mat on of antimonate of lead. If this 
Ct is scraped off f m th Ch and treated with S Ph as mentioned 
§ 69, in the cas f b m th the bead, on cooling, assumes a black 
color, whereby n b n f bismuth, the presence of antimony 
is proved. A small quantity of antimony can by this method 

not be found out w th rta nty, since, by keeping up the blast for 
some time, the ulj h d f dium begins to vaporize and to coat 
the Ch with a ring of sulphate of aoda (v. § 30). 

§ 88. When sulphide of lead is associated with a considerable 
quantity of sulphide of copper [No. 89], the metallic globule, 
obtained by the process of reduction, does not betray, by its phys- 
ical properties, the presence of lead. But if the alloy is removed 
from the flux and played upon with a powerful Fl, the greater 
part of the lead will be volatilized and deposit a Ct. 

lAikkt, 

5 89. To detect lithia in silicates which contain only little of it, 
proceed as follows : The substance [No. 67] is reduced to a fine 
powder and mixed with about 2 parts of a mixture of 1 part of 
fluor-spar with 1^ parts of bisulphate of potasaa ; a few drops of 
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water are added and the whole kneaded into a paste. The mass is 
fused with the blue cone of the flame into the hook of a platinum 
wire. If lithia is present the outer flame will appear red. The 
color is not very intense, and verging into violet. The presence 
of potassa does not prevent the reaction, hut makes the flame 
appear still more violet ; soda makes the reaction uncertain. 

Mojnganme, 

The reactions of manganese, see Table II, 13. 

g 90. The presence of manganese in auy compound substance is 
readily detected by mixing the pulverized assay [No. 6G or No. 84} 
with about 3, or 3 parts of 8d, and fusing it by means of the Fl 
on platinum foil. Manganate of soda is formed, wiiich, while hot, 
is green and transparent, and, oo cooling, turns bluish-greea and 
opaque. The reaction is very distinct when as much as one-tenth 
per cent, of manganese is present. But even the slightest trace 
may be detected when, instead of Sd, a mixture of 1 part of nitre 
with 2 parts of Sd is used. Chromium does aot prevent the 
reaction, merely changing the color to yellowish-green. It is only 
in presence of silica and cobalt that this test is not available, since 
at a high temperature the silica unites with the soda to silicate of 
soda, which, in dissolving the oxide of cobalt, produces a blue glass, 
and thus interferes with the manganese color. 



The reactions of mercury and its compounds, see SS 11, IT and 
Table II, li. 

I 91. Mercury is detected in amalgams [No, 41] by the sublimate 
of metallic mercury which they yield, when heated in a glass tube 
closed at one end. 

When in combination with sulphur [No. 81], chlorine [No. 39], 
iodine or ox-acids, the substance is previously mixed with some 
anhydrous Sd or some neutral oxalate of potassa. The acids, &c., 
are retained by the soda, and mercury sublimes. 

If the quantity of mercury is so small, that the nature of the 
sublimate cannot with certainty be ascertained, the experiment has 
to be repeated, a pieoe of iron wire around which a gold-leaf has 
been wrapped being at the same time introduced into the tube and 
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held close abore the assay. The gold-leaf will turn white if ever 
so little mercury be present. 

Nkhel. 

The reactions of nickel, see Table II, 16. 

§ 92. To detect nickel in metallic compounds which are fusible 
before the Blp, the assay ia treated with Bx on Ch in the E Fl ; 
iron, cobalt, &c., enter into the fiux and may be detected as shown 
§ 69, while the metals whose oxides are easily reduced remain 
behind. This operation is repeated untO the glass appears no 
longer colored. The remaining globule is treated with S Ph in the 
Fl. We now obtain either the pure color of nickel, or that of 
nickel mixed with copper (v. § T2) ; in this case it is treated on Ch 
with tin, whereby the presence of copper may bo ascertained. 
Bismuth or antimony prevents the reaction for copper, the bead 
turning biack, instead of red. Such compounds must, previous to 
their treatment with fluxes, be heated on Ch in R FI until all 
volatile substances are driven off [No. 82]. 

In arsenides and sulphides nickel is detected by the methods 
given for cobalt under the same circumstances (v. g 70). 

Nitric acid. 

§ 93. The perfectly dry substance [No. 23] is heated in a matrass 
with some bisulphate of potassa ; orange-yellow vapors of nitrous 
acid are emitted, even if but a small quantity of a nitrate is present. 



§ 94. A very minute quantity of phosphoric acid may be detected 
by pulverizing the substance [No. 14], adding a drop of concen- 
trated sulphuric aeid, fastening the paste into the hook of a plati- 
num wire, and playing upon it with the bine cone of the flame ; 
the outer flame will assume a bluish-green color (v. § 35). 

Certain azotized compounds, as nitric acid, nitrate of ammonia, 
chloride of ammonium, &c., when fastened into the hook of a plati- 
num wire and touched with the cone of the blue flame, impart to 
the outer flame a bluish-green color, resembling that caused by 
phosphoric acid. 

g 95. In a substance, containing not less than about 5 per cent, 
of phosphoric acid, the presence of the latter may be shown by dia- 
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solving the assay [No. 68] on Ch in boracic acid and forcing into 
the glass, when a good fusion is efleeted, a piece of fino steel wire ; 
a good R Fl is then given. The iron is oxidized at the expense of 
the phosphoric acid, causing the formation of a borate of the oxide 
of iron and phosphide of iron, which fuses at a sufficiently high 
temperature. TLe bead is then taken from the Ch, enveloped in a 
piece of paper, and struck Jightly with a hammer, by which means 
the phosphide of iron is separated from the surrounding flux. It 
exists as a metallic-looking button, attractable by the magnet, fran- 
gible on the anvil, the fracture having the color of iron. If the sub- 
stance under assay contained no phosphoric acid, the iron wire will 
keep its form and metallic lustre, excepting at the ends, whore it 
will be oxidated and burnt The substance to be assayed ought not 
to coatain sulphuric acid, arsenic acid, or any metallic oxides re. 
ducible by iron. 

Phosphate of lead exhibits the peculiarity of crystallizing on 
cooling after having been fused on Ch ; the crystals have frequently 
large facets of a pearly lustre, 

Ihtassa. 

§ 9T. The violet color of the flame is 'sufBciently characteristic for 
potassa (v. § 33), But being altogether prevented or, at least, made 
very indistinct by the addition of a few per cent, of soda or lithia, 
it can only in a very few cases be made use of For the detection 
of potassa in silicates it is almost entirely unavailable, because these 
compounds almost always contain some soda, 

§ 98. If the base of a compound consists essentially of potassa, 
the following method may be advantageously employed for its de- 
tection: Some Bx, to which a little boracic acid has been added, is 
melted into the hook of a platinum wire and so much protoxide of 
nickel added that the glass on cooling shows a distinct brownish 
color. A small piece of the substance under examination [No. 15] 
is made to adhere to the glass and the whole fused together with 
the Fl. If the assay-piece contained no potaasa, the color of the 
glass, after perfect cooling, will have remained unchanged ; but if 
potassa waa present in sufficient quantity, the glass will appear 
bluish. 
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Selenium 

§ 99 The reaf tions of seleEium are very characteri&tic. In nciE- 
YolatUe compounds w hich do not give the red snblimate mentioned 
§ 11, the selenium is detected by heating a small piece of the snb- 
stanee [No ST] on Ch in O PI, when the peculiar odor is evolved; 
if much selenium la present, a Ct is deposited, v. § 28. Selenites 
and selenates are treated on Ch with Sd in il Fl, when a reduction 
takes place and the selenium vaporizes with the characteristic odor. 

Silica. 

§ 100. Pure silica [No. 54], when treated with Bx on platinum 
wire, dissolves slowly to a transparent glass which fuses with diffi- 
culty. Treated with S Ph in the same manner, only a small quan- 
tity is dissolved, the rest floating in the liquid bead as a semi- 
transparent mass. The behavior to Sd see g 39. With a little 
So Co it assumes a pale bluish color which, oa addition of a large 
quantity of the reagent, turns darlt-gray or black; very thin splinters 
may be fused by & great heat to a reddish-blue glass. 

g 101. Silieatea [No, 61], when treated with S Ph on platinum 
■wire, are decomposed ; the bases unite with the free pliosphoric acid 
to a transparent glass in which the silica may be seen floating as a 
gelatinous cloudy mass. The bead ought to be carefully observed 
while hot, since many silicates form a g'laas which on cooling 
qpalizes or becomes opaque, when, of course, the phenomenon can 
no longer be seen. The experiment is best performed with a small 
splinter of tlie substance under examination, and only when this 
does not appear to be affected by the flux, the finely pulverized sub- 
stance should be used. If but a very small quantity of silica is 
present, the glass will appear perfectly transparent. Its presence in 
this case cannot be detected by means of the Blp. 

§ 102. Silicates containing at least so much silica that the quan- 
tity of oxygen in the acid is twice that of the oxygen in the base, 
dissolve, when treated with Sd on Ch, with effervescence to a 
transparent glass which remains so when cold. When less silica 
is present decomposition also takes place, but the glass turns opaque 
on cooling-, the amount of silicate of soda which is formed not being 
sufBcient to dissolve the eliminated bases. 
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Silver. 

The reactions of silver, see § 2t, and Table II, 20. 
§ 103. When in combination with metals which are volatile at a. 
high temperature, ex. gr. bismuth, lead, zinc, antimony, the substance 
is heated alone on Ch, when, after evaporation of the foreign metals, 
a button of pure silver remains behind and a feeble reddish Ct is 
•Jeposited on the Ch. If associated with much lead or bismuth, 
these metals are best removed by cupellation, a process which is 
executed in the following manner: Finely pulverized bone-ash is 
mixed with a minute quantity of soda and made with a little water 
into a stiff paste; a bole is now bored into the Ch, filled with the 
past«, and its surface smoothed and made slightly concave hy 
pressing on it with the pestle of the little agate mortar. The mass 
is then dried by the flame of a common spirit lamp. On this little 
cupel the assay [No. 51] is placed and so long heated with the O 
PI until the whole of the lead or bismuth is oxidized and absorbed 
by the cupel. The silver or, if gold is present, the alloy of silver 
and gold remains as a bright metallic button on the cupol. 

g 104. When combined with metals which are not volatile, but 
which are easier oxidized than silver, the presence of this metal 
may in some cases be detected by simply treating the alloy with 
Bx or S Ph on Ch. Copper, nickel, cobalt, &c., become oxidized 
and their oxides dissolved by the flux, while silver remains behind 
with a bright metallic surface. But when these metals are present 
to a considerable extent, another course has to be pursued, a course 
which may always be taken when a substance is to be assayed for 
silver, or silver and gold. 

% 105. The assay-piece [No. 86] is reduced to a fine powder, 
mixed with vitrified Bx and metallic lead (the quantities of which 
altogether depend upon the nature of the substance, and for which, 
therefore, no general rule can be given), and the mass placed in a 
cylindrical hole of the Ch. A powerful R Fl is given until the 
metals have united to a button, and the slag appears free from 
metallic globules. The flame is now converted into a Fl and 
directed principally upon the, button. Sulphur, arsenic, antimony, 
and other very volatile substaneeSj are volatilized; iron, tin, cobalt 
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and a little copper and nickel become oxidized and are absorbed by 
the flux; silver and gold and the greater part of copper and nickel 
remain with the iead (and bismuth, if present). When all volatile 
substances are driven off, the lead begins to become oxidized, and 
the button assumes a rotary motion ; at this period the blast is dis- 
continued, the asaay is allowed to cool, and when perfectly cold the 
lead button is separated from the glass by some slight strokes with 
a hammer. It is now placed on a cupel of bone-ash and treated 
with the Fl until it again assumes a rotatory motion. If much 
copper or nickel is present, the globule becomes covered with a 
thick infusible crust, which prevents the aimed-at oxidation ; in this 
case another small piece of pure lead has to be added. The blast 
is kept up until the whole of the lead and other foreign metals, 
viz., copper and nickel, are oxidized ; this is indicated by the ces- 
sation of the rotatory movement, if only little silver is present, or 
by the appearance of all the tints of the rainbow over the whole 
surface of the button, if the ore was very rich in silver ; after a few 
moments it takes the look of pure silver. The oxides of lead, 
copper, &c., are absorbed by the bone-ash, and pure silver, or an 
alloy of silver with other noble metals, remains behind; the button 
may be tested for gold, &e., after the method given in g T9. 

Sulphur. 

% 106. The presence of sulphur in sulphides may in many cases 
be detected by heating in a glass tube (v. g§ 11, 14), or on Ch with 
the O Fl. 

g 107. A very delicate test for the presence of sulphur, in what- 
ever combination it may be contained in the substance, and which 
possesses moreover the advantage over all other methods of being 
very easily performed, is to mix the pulverized assay [No. 4] with 
some pure Sd or, better still, with a mixture of two parts of Sd 
and 1 of Bx, and to treat it on Ch with the R Fl. The fused mass is 
removed from the Ch, powdered, the powder placed on a silver foil 
or a bright silver coin, and a drop of water added. If the substance 
under examination contained any sulphur, a black spot will be 
formed on the silver foil, owing to the formation of sulphide of 
silver from the decomposition of the sulphide of sodium, which, in 
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its turn, resulted from the decomposition of the sulphide or sul- 
phate, or other sulphur-compound of the assay-piece, under the 
influence of 8d, Ch, and a high temperature. Selenium shows the 
same reaction ; it ia readily recognized by the peculiar odor which 
it emits when heat«d on Ch alone. 

§ 108. To decide whether the reaction obtained in the experiment 
was owing to the presence of a sulphide or to that of a sulphate, 
the finely-pulverized substance [No. ^Q2 's fused in a small platinum 
spoon with some hydrate of potassa. The spoon with the contents 
is then placed into a vessel containing some water, and a piece of 
silver foil insei-ted into the liquid. If the silver remains perfectly 
bright, a sulphate was present, if it turns black, a sulphide. The 
absence of substances which might esercise a reducing influence is 
required. 

Tellurium. 

§ 109. The presence of tellurium in mineral substances is detected 
by the teats given §| 11, 18, 29. In presence of lead or bismutb 
tliB reactions in the open tubes and on Ch are not quite pure. In 
this ease we may subject the assay to the following treatment r The 
substance is mixed with some Sd and charcoal-powder, the mixture 
introduced into a glass tube closed at one end, and heated to fusion; 
after cooling, a few drops of hot water are poured into the tube; if 
toliurium was present, telluride of sodium has been formed, which 
dissolves in hot water with a purplish-red color. This test is ap- 
plicable to show the presence of tellurium in a great many com- 
pounds, even in such where it occurs in the oxidized stat«. 
Tin. 

The reactions of tin and its compounds, see §§ 12, 26, 45, and 
Table 11, 22. 

1 110. The presence of tin is indicated by its Ct when the sub- 
Stance [No. 13], alone or mixed with Sd, is exposed to the E. Fl 
onCh. 

"When the substance under examination is an alloy, a little Bx 
is conveniently added, which absorbs the oxide of tin in the measure 
as it is formed, and allows the presence of those metals which are 
more volatile, ex. gr. antimony, lead, bismuth, to be recognized by 
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their coatings. Arsenic is detected by its odor, and iroa by the 
color which the Bx head assumes when rc-fuaed on platiauca wire in 
the Fl. 

To detect copper in tin or its alloy, the assay [No. 53] is fused 
with a flux eonsistiug of 100 parts of Sd, 50 of vitrified Bx, and 30 
of silica. The flame is so directed that the metallic globule assumes 
& rotatory motion. When in this state the glass is kept covered, 
as much as possible, with the Fl, care being taken that the glo- 
bule is at one side in contact with the glass, and at the other with 
the Ch. The tin becomes oxidized and the oxide, in the measure 
as it is formed, absorbed by the flux; the remaining button is copper, 
pure or with a small quantity of tin, and maybe readily tested with 
the usual fluxes. 
Titanium. 

g 111. Titanic acid, when forming the principal constituent of 
any mineral substance, is easily detected by its behavior with the 
fluxes, V. Table II, 23; but when in combination with bases these 
reactions are not always clearly perceptible, being frequently sup- 
pressed by the predominating reaction of the base. In such cases 
we may subject the assay to the following treatment, by which 
even very small quantities of titanic acid will become apparent : the 
substance [No. 65] is reduced to a veiy line powder, mixed with 
from 6 to 8 parts of bisulphate of potassa, and fused in a platinum 
spoon at a low red-heat ; the fused mass is dissolved in a porcelain 
vessel in the smallest possible quantity of water, aided by heat. 
There remains an insoluble residue which is allowed to settle ; the 
clear liquid is poured off into a larger vessel, mixed with a few 
drops of nitric acid and at least six volumes of water, and heated 
to ebullition. If the substance under examination contained any 
titanium, a white precipitate of titanic acid forms on boiling. The 
precipitate is collected on a filter, washed with water, acidulated 
with nitric acid, and tested with S Ph. 
Uranium. 

§ 112. The presence of this metal is easily recognized, in sub- 
stances which contain no other coloring constituents, by the reac- 
tions given Table II, 25 ; the most characteristic test is that with 
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S Ph. In presence of much iron this reaction becomes indistinct ; 
we may tiieii operate in the following manner ; the finely-pulverized 
sabstance [No. 10] ia fused with bisulphate of potassa, the fused 
maee dissolved in water, mixed with carboaate of ammonia in excess, 
the liquid separated from the precipitate by filtration, and the filtrate 
heated to ebullition. If any uranium was present, a yellow pre- 
cipitate is thrown down, which gives with the fluxes the pure re- 
actions of u; 



Zinc. 

The reactions for zinc and its compounds, s*"^ §§ 12, 25, 45, and 
Table II, 27. 

§ 113. A small amount of zinc, when associated with consider- 
able quantities of lead, or bismuth, or antimony, or tin, cannot with 
certainty be ascertained by means of the Blp. 

If the substance under examination contains the zinc as oxide 
[No. 3R], or but a small quantity of sulphide, it is mixed with Sd 
and treated on Ch in R Tl. Substances consisting essentially of 
sulphide of zinc may he thus treated without the addition of Sd, 
and such as contain, beside oxide of zinc, other metallic oxides, are 
conveniently mixed with some Sd to which about one-half of its 
weight of Bx has been added. A ring of oxide of zinc is deposited 
on the Ch. When lead is present [No. 51] the Ct is frequently 
not pure, being mixed up with the Ct of lead. In this case it is 
moistened with some So Co and heated again with the Fl. The 
oxide of lead is reduced by the red-hot Ch and volatili;!ed, while 
the oxide of zinc remains behind with a green color (v. % 45). 
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FOURTH CHAPTER. 

CHARACTERISTICS OP THE MOST IMPORTANT ORESi THEIR BE- 
HAVIOR BEFORE THE SLOW-PIPE, AND TO SOLVENTS. 

§ 114. Op the physical properties of the minerals which are treated 
of in this chapter, only those are enumerated which servo best to 
discriminate the different ores from each other. For a more detailed 
description I must refer to Dana's and other works on mineralogy. 
Among the distinguishing characters of minerals, their hardness 
and specific gravity stand foremost. The latter cannot be ascer- 
tained without a good balance, and will, for this reason, be of much 
less use to the practical man than the determination of hardness, an 
operation which may be performed in a few moments. A set of 
minerals, representing the scale of hardness, being not always at 
hand, it will be useful to give a series of substitutes for them, as 
arranged by Mr, Chapman; 

1. Yields easily to the nail. 

2. Yields with difficulty to the nail, or merely receives an impres- 
sion from it Does not scratch a copper coin. 

3. Scratches a copper coin; but is also scratched by it, being of 
about the same degree of hardness. 

4. Not scratched by a copper coin; does not scratch glass. 

6. Scratches glass, though rather with difficulty, leaving its pow- 
der on it Yields readily to the knife. 

6. Scratches glass easily. Yields with difficulty to the Icnifc. 

1. Does not yield to the knife. Yields to the edge of a file, 
though with difficulty. 

8. 9. 10. Harder than flint. 

The scale of hardness, as introduced by Mohs, and enlarged by 
Breithaupt, is as follows; 

1. Talc; common laminated light-green variety. 

2. Gypstim ; a crystalline variety. 
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2.5. Foliated Mica. 

3. Calcareous Spar; transparent variety. 

4. Fluor Spar; crystalline variety. 

5. Apatite ; transparent variety. 
5.5. Scapolite; crystalline variety. 

G. Orthoclase; white eleavable variety. 
T. Quartz ; transparent. 

8. Topaz; transparent. 

9. Sapphire; cleavable varieties. 

10. Diamond. 

To test the hardness of a mineral we may proceed in two differ- 
ent manners: firstly, hy attempting to scratch it with the miaerals 
enumerated in the scale, successively, or, secondly, by abrasion with 
a file. If the file abrades the mineral under trial with the same 
ease as No. 4, and produces an equal depth of abrasion with the 
Bame force, its hardness is said to be 4. If with more facility than 
4, but less than 5, the hardness may be 4^ or 4^. Several succes- 
sive trials should be made to obtain certain results; and, when 
practicable, both methods should be employed. 

Ores op Antimony. 
Gray Antimony [Stibnite]. 

I 115. Sb S'. H=3. G=4.5. Of lead-gray color and metallic 
lustre. Usuaily of columnar structure, consisting of a vast number 
of needle-shaped crystals, sometimes side by side, sometimes diver- 
gent. Very brittle. 

It fuses readily in the flame of a candle. In a matrass, some- 
times yields a slight sublimate of sulphur ; on increasing the heat 
by application of the Blp flame, a sublimate is produced which 
after cooling is brownish-red, and which consists of a mixture of 
tersnlphide of antimony with antimonious acid. In an open glass 
tube, emits sulphurous acid and antimonial fumes. On Ch it is 
volatilized, covering the Ch with oxide of antimony, which, when 
touched with the It P!, disappears with a pale greeniah-blue tinge. 

When pure, wholly soluble in heated hydrochloric acid with 
evolution of sulphuretted hydrogen ; usually a residue of chloride 
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of lead is left. Partly decomposed by caustic potassa ; the solti- 
tion, when mixed with an acid, affords a yellowish-red precipitate. 

Berthierite. 

§ 116. Composition variable, sometimes PeS+SbS'. H=2 — 3. 
G}=4 — 4.3. Metallic lustre, leas splendent than gray antimony; 
color dark steel-gray. 

Heated in a matrass, fuses and yields a slight sublimate of sul- 
phur ; on application of a strong heat, a black sublimate of sul- 
phide of antimony is formed, which, on cooling, becomes brownish- 
red. In an open glass tube it behaves like the preceding ore. In 
Ch, fuses easily and coats the charcoal with oxide of antimony; 
there remains, finally, a black slag, which is attracted by the magnet 
and gives with fluxes the iron reaction. 

Soluble in hydrochloric acid. 

lied Antimony [Kermesite]. 

§ m. 3SbS'+SbO'. H=l— 1.5. G=4.5— 4.fi. Usually in 
tufts of capillary crystals of cherry-red color. 

In a matrass, fuses readily and yields a slight yellowish-red subli- 
mate ; with strong heat, boils and gives a black sublimate which, 
when cold, is brownish-red. In an open tube and on Ch, behaves 
like gray antimony. 

It dissolves in hydrochloric acid with evolution of sulphuretted 
hydrogen. The powdered mineral, when treated with caustic 
potassa, assumes an ochre-yellow color and dissolves completely. 

Ores of Arsenic. 

Native Arsenic. 

% 118. As, with traces of Sb, Ag, Fe, Co, and Ni. 11=3 5. 
(5=5.9. Of metallic lustre and tin-white color, tarnishing on 
exposure to air to dark-gray. 

Heated in a matrass, sublimes ; on Ch, behaves like pure arsenic. 
In both cases, sometimes, a residue is left, which, when treated 
with fluxes, exhibits the reactions of iron, cobalt, and nickel. 
{See I 83.) 



I 119. As S'. H=1.5— 2, a=3,4— 3.(i. Usually of bright-red, 
Bometimes of orange-yellow color, and resinous lustre. Sectile. 
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In a matrass, fuses, boils, and finally sublimes ; the sublimate, 
after cooling, is red and transparent. In an open glass tube, when 
carefully heated, yields a sublimate of arsenous acid, sulphurous 
acid escaping. On Ch, fuses readily and burns with a yellowish- 
white flame, emitting grayish-white fumes which possess the 
peculiar alliaceous odor. Subjected to the treatment described 
§ 55, a sublimate of metallic arsenic is obtained. 

Not easily affected by acids ; but aqua regia dissolres it with 
continued digestion, part of the sulphur being precipitated. A 
heated solution of caustic potassa decomposes it, leaving a brown- 
ish-blaclc powder (As'S) undissolved. 
Orpiment. 

§120. AsS'. H=1.5— S. G=3.4. A foiiaceous mineral of 
lemon-yellow color, and resinous or pearly lustre. Sectile, 

Before the Blp, behaves like the preceding, with this difference, 
that the sublimate, after cooling, is dark yellow and transparent. 

Soluble in aqua regia, caustic potassa, and amflionia. 
White Arsenic [Arsenolite]. 

§ 131. AsO^ H=1.5. G=3.6. Occurs usually in minute capil- 
lary crystals of a white color, and vitreous or silky lustre. 

Before the Blp it behaves like pure arsenous acid {v, §§ 9, 15, 
Tabie II, 2). 

Slightly soluble in hot water; more so in water acidulated with 
hydrochloric acid. 

Ores of Bismuth. 

Native Bismuth. 

§ 122. Bi; H=3— 2.5. G=9.'7. Color silver-white, tinged with 
red. Lustre metallic. Brittle when cold; but, when hot, may b» 
laminated. Occurs foliated, granular, and arborescent; occasionally 
crystallized. 

Before the Blp it behaves like pure bismuth (v. §§ IT, 22). 

Readily dissolved by nitric acid; the solution is precipitated by 
water. 

Telluric Si^muth [Tetrad jmite] . 
§ 123. Bi and Te in variable proportions. H=l.&— 2. 6=13 
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— 8.4. Of pale steel-gray color, and high metallic lustre. Occurs 
UBually in tabular crystals, or foliat«d masses; the laminae are 
elastic. It soils paper. 

la an open glass tube it fuses readily, emitting a white smoke 
which partly condenses, coating the tube near the assay-piece with 
a white powder, intermixed with red spots; on directing the flame 
on this Ct, it fuses to colorless drops (TeO'), while the red sub- 
limate (Se) disappears. On Oh, fuses instantly to a metallic globule 
which, when touched with the inner flame, imparts a bluiah-green 
color to the outer one, sometimes gives out selenium vapors, and 
deposits, close to the assay-piece, a dark orange Ct, surrounded at 
a greater distance by a white Ct. 

Soluble in nitric acid. 

Blsmutite. 

§ 124. 3(BiO'.CO=-fHO)-|-BiO'.HO. H=4— 4.5. G=6.9. Usu- 
ally of & white or light greenish color, and vitreous lustre ; in acicu- 
lar crystallizations. 

In a matrass, decrepitates, yields a little water, and turns gray, 
On Ch, fuses very readily and is reduced, with effervescence, to a 
metallic globule, covering the Ch with a Ct of oxide of bismuth. 
If the blast is kept up for some time the whole of the bismuth is 
volatilized and there remains a scoriaceous mass which, in the K 
M, maybe fused to a globule, and which with fluxes gives the 
indications of copper and iron. With Sd it usually gives the sul- 
phar reaction (§ lOT). 

Dissolves in hydrochloric acid with eiFcrvescence ; the solution 
has a yellow color. 

Sismuthine, 

§ 125. BiS'. 3=2—2.5. G=e.4— 6.55. In acicular crystals or 
massive; of metallic lustre, and lead-gray color, with a yellowish 
or iridescent tarnish. 

In a matrass, fuses and yields a slight sublimate of sulphur- 
Carefully heated in an open tube, it fuses and yields sulphurous 
■acid and a coat of sulphate of bismuth ; the latter may be fused, by 
application of the Blp flame, to brown drops which, when cold, 
appear yellow and opaque. On Ch, fuses and boils, throwing ou*- 
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small drops in a state of incaadescence, and deposits a Ct of oxide 
of bismuth. 

Soluble in nitric acid witfi deposition of sulphur. The solution 
givea a white precipitate with water. 

Bismidh Ochre. 

1 126. BiO=, containing minute quantities of Fe'0», CuO, and 
AsO'. 0=4.36. Occurs usually pulverulent or earthy. 

Before the Bip it behaves like pure oxide of hiBmuth. Soluble in 
nitric acid. 

Ores or Cheomidm, 
Chromic Iron. 

§ 127. (FeO, CrO, MgO)+(CrW, AlW). H=5.5. a=4.3_46 
Occurs usually massive; of iron-black or brownish-black color, with 
a shining and somewhat metallic lustre. Some varieties are 
magnetic 

Heated in a matrass, remains unchanged. Infusible in the for- 
ceps. After having been exposed to the E. Fl it follows the magnet. 
In Bx and S Ph slowly, but completely, soluble to a transparent 
glass, which is beautiful green after cooling. Mixed with Sd and 
nitre and heated on platinum-foil, the mass fuses and becomes yel- 
low. With Sd on Ch in R FI it affords metallic iron. 

Concentrated acids affect it but little, even when finely pulverized ■ 
they dissolve only a little iron. Fused with caustic potassa, chro^ 
mate of potassa is formed. 

Ores OF Cob.ilt. 
Smaltine. 

% 138. (Co, Pe, Ni) As.H=3.5-6. G=6.4_7.2. Of tin-white or 
steel-gray color, and metallic lustre. 

In a matrass, usually yields, when heated to redness, a sublimate 
of metallic arsenic. In an open glass tube, affords a copious subli- 
mate of crystallized arsenous acid, and sometimes emits sulphurous 
acid. On Ch it fuses readily, with emission of copious arsenical 
fumes, to a grayish-blacfc magnetic globule which, with the fluxes, 
gives the indications of iron, cobalt, and nickel. 

With nitric acid it gives a pink solution, arsenous acid being de- 
posited. 
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Cdbaltine. 

§ 129. CoSHCoAs. H=5.5. G=6— 6,3. Of silyer-wliUe and 
Bometimes reddish color, and metallic lustre. 

Unchanged in the matrass. In an open glass tube, yields a sub- 
limate of arsenous acid and vapors of sulphurous acid. On Ch, 
emits copious arsenical and sulphur fumes and fuses to a dull black 
metallic globule, which is attracted by the magnet, and which, when 
treated with fiuxea, gives the indications of cobalt and iron, and 
som'etimes also those of hickel. 

Dissolves in heated nitric acid, arsenous acid being deposited. 

Cobalt Pyrites [Linnseite], 

§ 130. CoS+Co'S^ H=5.5. G=4.8— 5. Of a more or less 
bright steel-gray color, and metallic lustre. Crystallizes in the 
regular octahedron. 

In an open glass tube, sulphurous acid is abundantly evolved and 
sometimes a slight sublimate of arsenous add formed. On Ch, 
small pieces of the mineral readily fuse to a globule which, when 
cold, is covered with a black rough crust, and which is attracted by 
the magnet The pulverized mineral, after having beerf well cal- 
cined, dissolves in Bx in Fl to a blue transparent glass. In a 
highly saturated bead of this kind, when treated on Ch with KFl, 
particles of metallic nickel may he seen floating about. 

Soluble in nitric add, excepting the sulphur. 
Cobalt Bloom [Erythrine], 

§131. 3CoO. A80=+8HO. H=1.5— 2,5. G— 2.9. Usuallyof 
crimson or peach-red color ; when crystallized, of pearly lustre ; fre- 
quently dull and earthy, forming incrustations. 

Heated in a matrass, loses water, and the color changes to blue 
or green. A small crystal, exposed to the inner flame, fuses and 
colors the outer flame pale-blue. On Ch in BFl, emits arsenical 
fumes and melts to a dark-gray globule of arsenide of cobalt which, 
with fluxes, gives the pure cobalt-reactions. 

Acids dissolve it readily to a rose-colored liquid; the solution in 
concentrated hydrochloric acid appears blue, while hot. The pul- 
verized mineral is partly decomposed by cuustic potassa ; the pow- 
der assumes a bluish-gray color and the solution is sapphire-blue. 
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Lac'endulan. 

§132. AsO', CoO, KiO, CiiO, and HO. H=2.5— 3. G=3. 
Amorphous, with a greasy lustre ; color lavendor-blue. 

Heated in a matrass, gives out water. lu the forceps, fuses easily 
and colore the outer flame pale-blue ; the fused mass becomes crys- 
talline on cooling. On Ch in R Fl it fuses with emission of ai-senicai 
fuEQcs. With fluxes, gives the reactions of Oo, Ni, and Cu (see § 92) 
Earthy Cobalt. 

g 133. It is a variety of Wad (see § 184), containing sometimes 
a considerable quantity of oxide of cobalt, in combination with silicic 
or arsenic acid. 

With Bx in OFl, gives a dark violet glass, which in the RFl 
becomes blue. The S Ph bead when tieated on Ch with metallic 
tin frequently exhibits the copper-ieaction With bd on platinum- 
foil it shows the presence of manganese. 

Soluble in hydrochloric acid with evolution of chlorine; the solu- 
tion is usually blue, and on addition of water becomes red. 

Oees of CorpER. 

I^adve Copper. 

§ 134. Pure Copper. H=2.5— 3. G=8.9. Of metallic lustre, 
and copper-red color. Occurs usually massive or arborescent. 

It fuses on Cfa to a globule which, if the heat is sufficiently high, 
assumes a bright bluish-green surface ; on cooling it becomes covered 
with a crust of black oxide. With the fluxes it gives the usual indi- 
cations of copper. 

It dissolves readily in nitric acid. 
Copper Pyrites [Chalcopyrite], 

§135. Cu'S+Fe'S'. H=3.5— 4. G=4.1— 4.3. Of a hrass-yel- 
low color and metallic lustre; on exposure to moist air it becomes 
iridescent on its surface. It occurs crystallized, but usually mas- 
sive. It is easily scratched with a knife, giving a greenish-black 
powder. 

Heated in a mati-ass, decrepitates and yields sometimes a faint 
sublimate of sulphur, assuming at the same time a darker color or 
becoming iridescent. Heated in an open glass tube, sulphuroua 
acid is given out abundantly. On Ch, when heated, it blackens. 
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but becomes red on cooling; with continued heat it fuses to a black 
globule, which is attracted by the magnet; this globule ia brittle 
and reddish-gray in the fracture. The pulverized mineral, after 
roasting, gives with fluxes the indications of iron and copper. 
With Sd on Ch it is reduced; the metals are obtained in separate 
masses. Moistened with hydrochloric acid it colors the fianie blue, 
even previous to fusion. 

It dissolves in nitric acid and, more readily, in aqua regia, leaving 
a residue of sulphur. 

Purple Copper [Enibescite], 

§ 136. 3 Cu'S+Fe'S'. H=3. G=4.4— 5. When crystalline, it 
usually affects the cubical form, and is of a pale yellowish color; 
when massive, its color is copper-red to reddish-brown; it speedily 
tarnishes, assuming various hues, mostly purple, biue, and reddish. 
When aeratclied with a knife it gives a grayish powder. 

Before the Blp it shows pretty much the same behavior as copper 
pyrites. 

Concentrated hydrochloric acid dissolves it, leaving the greater 
part of the sulphur behind. 
Copper Glance. 

§ 137. Cu'S. H=2.5— 3. 6=5.5—5.8. Of a blackish lead-gray 
color, often with a bluish or greenish tint on its surfaee. Occurs 
usually in compact masses, very often shining. 

Heated in a matrass, nothing volatile is given out. In an open 
tube, sulphurous acid is evolved. On Ch, readily fuses to a globule, 
which boils, and emits glowing drops, sulphurous acid escaping 
abundantly; the outer flame is at the same time colored blue. 
With Sd on Ch it yields a globule of metallic copper. 

In heated nitric acid it dissolves, leaving a residue of sulphur. 
Gray Copper [Tetrahedrite], 

§ 138. 4 (Cu'S. FeS. ZnS) (SbS'. AsS') frequently containing 
silver and mercury. H=3 — 4.5. G=4.5 — 5. Color between steel- 
gray and iron-black. 

Heated in a matrass, fuses and finally yields a dark-red sublimate 
of tersulphide of antimony with antimonious acid. In an open glass 
tube, fuses and gives thick fumes of antimony (and ai^enous acid). 
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and sulphurous aeid ; mercury, when present, condenses in the upper 
part of the tuhe, forming a metallic mirror. On Ch it fuses readily 
to a globule, emitting thick white fumes and sulphur vapor ; coatings 
of antimonious acid and of oxide of zinc are deposited; the latter is 
nearer to the assay-piecf aad may be i«stcd with SoCo [v. g 45]. 
To detect arsenic, v, § 56. To detect mercury, add to the finely 
pulverized assay three times its weight of dry Sd and treat the 
mixture as directed § 91. The pulverized mineral, after having 
been well roasted, gives with the fluxes the indications of iron and 
copper; with Sd, affords metallic copper and a little iron. To 
detect silver, treat the mineral with pure lead and Bx as directed 
§105. 

When pulverized it is decomposed by, nitric acid, the solution 
has a brownish-green color ; antimonious acid (and arscnous acid) 
and sulphur remain undissolved. Caustic potassa effects partial 
decomposition ; the sulphide of antimony (and arsenic) enters into 
solution, and is, on addition of an acid, re-precipitated. 
Tennantite. 

§139. 4(Cu'S,FeS),AaS'. H=3.5— 4. G=4.3t— 4.5. Always 
crystallized ; metallic lustre ; color hlackish lead-gray to iron-black. 

In a matrass, gives a sublimate of tersulphide of arsenic. In an 
open tuhe, sulphurous acid and a sublimate of arsenous acid. On 
Oh, ibises easily with emission of sulphur and arsenic vapors to a 
dark-gray slo^ulo, which ia attracted by the magnet. The pul- 
verized mineral gives, after calcination, with fluxes, the reaction of 
iron and copper. 

Arsenical Copper [Domeykite]. 

§140. Cu'As. 3=3—3.5. Reniform, massive, or disseminated; 
lustre metallic ; color tin-white ; black and soft when impure. 

Heated in a matrass, yields a little water and a sublimate of 
arsenous acid; the assay-piece assumes a silver-white color. In 
an open tube, affords a crystalline sublimate of arsenous acid. Oa 
Oh, fuses easily with emission of a strong alliaceous odor Xm a 
yellowish metallic mass, which gives the copper reactions. 

Readily soluble in nitric acid ; decomposed by hydrochloric acid, 
metallic arsenic remaining undissolved. 
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Atacamite. 

g 141. GuCl+3CuO + 3HO. H=3— 3.5. G=4— 4.3. Oecura 
crystalline, or massive lamellar; color various shades of bright 
green, sometimes blackish-green. 

Heated in a matrass, gives out water and a gray sublimate, 
which, on cooling, becomes grayish-white ; the water shows acid 
reaction. On Ch, fuses readily, colors the outer flame azure-blue, 
and is finally reduced to a globule of metallic copper ; two coatings 
are deposited on the Ch, the one grayish-white, and the other 
brownish, which, on being played upon with the R FI, change their 
place with an aaure-bltte tinge. 

Easily soluble in acids. 

Bed Copper. 

§142. Cu'O. H=3.5— 4. G=5.8— 6. Usually of a very intense, 
deep red color, occasionally crimson-red ; exceedingly friable. 

Heated in the pincers, fuses and colors the outer flame emerald- 
green ; moistened with hydrochloric acid and treated in the same 
manner, the color is azure-blue. On Ch it blackens, then fuses 
quietly, and finally yields a globule of metallic copper which, on 
cooling, becomes covered with a coating of black oxide. 

Dissolves readily in nitric acid. With hydrochloric acid it gives 
a brownish solution, which on addition of water is decomposed, a 
white precipitate of subchloride of copper beiog formed. It is also 
soluble in ammonia : the solution is colorless when the access of 
air is prevented; on exposure to air it tarns blue. 

Malachite. 

§143. 3CuO.CO'+HO. H:=3.5— 5. 0=3.7—4. Occurs usually 
in the shape of mammillated concretions ; the interior is very com- 
pact, and lustre shining, in the fracture sometimes earthy, some- 
times silky; of a bright green color. 

Heated in a matrass, gives out water and tunis black. On Ch 
iiises to a globule, and alfords metallic copper when tho heat is suf- 
; ciently high ; heated in the forceps, the outer flame is colored 
green. With fluxes and Sd it behaves like oxide of copper (v. 
Table II, 8). 

It dissolves in acids with effervescence ; also soluble in ammonia. 
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Azwite [Blue Malachite]. 

§U4. 2(CaO.CO=)+CuO,HO. H=3.5-4. G=3,5-3.8. Oraurs 
nsually ciystallized, or iu globular masses of columnar structure. 
It is easily distinguished by its fine blue color ; either earthy or 
vitreous in lustre. 
Before the Blp, and to solvents, it behaves like malachite. 
Copper Vitriol [Cjanosite]. 
§145. CuOSO»+5HO. n=2.5. 0=2.21. Lustre vitreous ; 
color various shades of blue ; taste metallic and nauseous. 

Heated in a matrass, swells up, gives oat water, and becomes 
whit«. On Ch, colors the outer flame green, fuses, and affords a 
button of metallic copper, crusted with a coat of sulphide. After 
calcination, gives with fluxes the reactions of copper, sometimes 
also those of iron. 

Soluble in water; a polished p!at« of iron introduced into the 
solution becomes coated with copper. 
P/iosphochalcite. 

§ 146. 3CuO.PO=+3(CuO.HO), sometimes 2(3CuO.PO')-f.HO 
+4(CuO.HO). H=4.5— 5. 0=4—4.4. Occurs both crystallized 
and massive. Of adamantine lustre, and dark emeraJd-green or 
blackish-green color. 

In a mati ass gives out water and blackens A pie e prei i u<]v 
heated m a matrass fuse', m the forceps to a black glol ule which 
becomes crystalline on cooling With Bx aad S Ph behaves like 
oaide of copper Strongly heated on Ch with a ufiicient qui itity 
of hd neaily all the fopper is obtained as a metallic glotule 
Mixed with an equal -volume of metallic lead and fused on Ch a 
globule jf n etallic copper is obtained surrounded bj a tusei' ma s 
of 1 ho phate of lead w hich on coulmg crj staliizes 
Soluble in nitric acid and m caustic ammonia 
Oh ten ite 

§147 StuO (4 0=PO^)+OuOHO 11=3 0=4 1—4 4 
Crystallized, or in globular and remform masses, ot indistinctly 
flbriju^ structure. Color usually olive-green. 

In a matrass, yields a little water. In the forceps, fuses to a 
globule and colors the outer flame bluish-green; the fused mass 
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crystallizes oa cooling. On Ch, fuses with detonation and e 
of arsenical vapors to a metallic globule ; the globule is white and 
somewhat brittle, and covered with a brown scoria. Fused with 
metallic lead, it is decomposed in the same manner as the pre- 
ceding ore. 

Dissolves in nitric acid, also in ammonia. 
TyroUte. 

§148. [(3CuO.AsO=+8HO)+2(CuO.IIO)]+CaO.CO''. H=l— 
2. G=3. Xlsually reniform, massive ; structure radiate foliaceous. 
Color pale-green. Very seotile. 

Heated in a matrass, decrepitates, yields much water, and black- 
ens. On Ch, fuses with emission of arsenical vapors to a gray 
Bcoriaceous mass, in which minute globutea of metallic copper 
occasionally appear. When the mineral is fused on Ch, with 
addition of Sd and Bx, until the oxide of copper is completely 
reduced and the slag dissolved in hydrochloric acid, a solution 
is obtained in which the presence of lime may be shown by the 
proper reagents. 

Dissolves in nitric acid with effervescence, also in ammonia. 
Chrysocolla. 

% 149. 3CuO. 3SiO'4-6HO. H=2— 3. G=2. Occurs usuaUy 
as an incrustation. It very much resembles malachite ; its color ia 
biuish-green, and it is remarkable for its great compactness ; its 
surface is very smooth, giving it the appearance of an enamel or a 
well-fused slag. 

In a matrass, yields water and blackens. In the forceps infusible, 
coloring the outer flame intensely green. On Ch in Fl blackens, 
in R Fl turns red. S Ph and Bx dissolve it with the usual indica. 
tions of copper ; the 8 Ph bead shows a cloud of undissolved silica, 
With Sd on Ch, affords globules of metallic copper. 

It is decomposed by acids, silica remaining undissolved. 

Ores of Gold, Platinum, and Ikidium. 
Native Gold. 

§ 150. Combination of An and Ag in variable proportions, some- 
times with traces of Fe and Cu. 11=2.5 — 3. G=15.6— 19.5. 
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Easily distinguished by its malleability, ita catting like lead, its 
higfl specific gravity, and its resistance to acids. Color and strealc 
Tarioos shades of gold-yellow. It usually occurs in variously con- 
torted and branched filaments, in scales, in plates, or in small 
irregular masses. 

On Ch, fuses to a globule which, after cooling, has a bright 
metallic surface. With 8Ph in OPI, a bead is formed which 
opalizes on cooling, or becomes opaque and yellow, according to 
the amount of silver which it contains. 

Resists the action of heated concentrated nitric acid ; soluble 
only in aqua regia. 

Graphic Tellurium [Sylvanite]. 

g 151. AgTe+2AuTe'. H=L5— 2. G=5.T. Of metallic lustre 
and steel-gray color. Very sextile. 

In an open glass tube, yields a white sublimate which, when 
played upon with the flame, fuses to transparent drops. On Cli, 
fuses to a dark-gray globule, depositing at the same time a white 
Ct which, when touched with the RFl, disappears, tinging the flame 
bluish-green (see §§ 29, 35). It finally affords a light-yellow malle- 
able globule of metallic lustre. 

Soluble in aqua regia, leaving a residue of chloride of silver. The 
solution gives a white precipitatfl with water. 

Native Platinum. 

§ 152. Pt, usually combined with a little Fe, Ir, Os, Pd, Bb, and 
sometimes Cu and Pb. 

H=4 — i.5. G=16 — 19. Usually occurs in grains of silver- 
whitish or gray color, malleable and ductile. 

Infusible before the BIp and not acted upon by fluxes. Soluble 
only in heated aqua regia. The solution gives a yellow granular 
precipitate with chloride of potassium. 

Oamivm-IridiuTn [Iridoamine]. 

§ 153, The light variety IrOs' and IrOs*. H=6 — 7. G=19.3 

21.1. Occurs usually in irregular flattened grains, of metallic lustre 
and tin-white color ; but little malleable. 

Infusible before the EIp ; when fused with nitre in a matrass, the 
characteristic osmium odor is produced. The fused mass is soluble 
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in water ; the solution gives, on addition of nitric acid, a green pre- 
cipitate. The dark varieties lose before the BIp the metalhc lustre, 
and, when held in the alcohol flame, impart to it a yellowish-red 
coior and great luminating power. 
Not visibly affected by any acid. 

Orbs or Ikon. 

Metem-ic Iron. 

g 15i. Fe with variable quantities of Ni (from 1 to 20 per cent.) 
and traces of Co, Mg, Mn, Sn, Cu, Cr, Si, C, CI, S, and P.H=4.5. 
G= 7,3 — 7.8, rarely as low as 6. Lustre metallic ; color iron-gray ; 
ductile ; strongly attracted by the magnet. 

Infusible. On Ch with Bx or S Ph gives only the reactions of 
iron. To detect the presence of the other heavy metals, the assay- 
piece must be dissolved in aqua regia, the liquid mixed with ammonia 
in excess, filtered, and the ammoniaeal filtrates precipitated with 
sulphydrate of ammonia. The precipitate consists of the eulphidea 
of nickel, cobalt, manganese, and copper, which may he collected on 
a filter and treated with Bx on Ch as described § 70. 

Brovm Hematite [Limonite] . 

§155. 2Fe=0'. 3H0, H=5— 5.5. 6=3.6—4. Of a dull 
brownish-yellow color, earthy or semi-metallic in appearance, and 
often in mammillary or stalaetitic forms. 

lu a matrass, yields water, and red sesquioxide remains ; in pla^ 
tinum forceps, fasible on the edges ; gives with Bx and S Ph an 
iron reaction ; the clayey varieties treated with S Ph give a cloud 
of undissolved silica ; treated with Sd and nitre on platinum -foil, 
the manganese reaction is almost always obtained. 

Specular Iron [Hematite]. 

§156. Fe'O'. H=5.5— 6.5. 0=4.5—5.3. Of a dark steel-gray 
or iron-black color, and usually of metallic lustre ; its powder is red. 

Infusible alone ; becomes magnetic after roasting, and gives the 
nsual indi itions of iron with the fluxes ; its powder dissolves read- 
ily in heated hydroefaloric acid. Contains sometimes chromium and 
titanium, which may be detected by the i 
and 111. 
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Magnetic Iron Ore [Magnetite]. 

§ 157. FeO. Fe^O^ H=5.5— 6.5. G=4.9— 5.2. Its color is iron- 
black, with a shining metallic or glimmering lustre ; its powder is 
black ; it is strongly attracted by the magnet. 

It fuses with difficulty, and gives the usual reactions of iron with 
the fluxes ; the pulverized mineral dissolves completely in hydro- 
chloric acid. 
Iron Pyrites. 

§158. PcS'. 11=6 — 6.5. G=4.8— 5. Occurs commonly in cubes. 
Usually of a brass-yellow color and metallic lustre. By its supe- 
rior hardness, not yielding to the knife, and emitting sparks when 
struck with steel, it may be distinguished from copper pyrites. 

Heated in a glass tube closed at one end, usually emits some 
sulphuretted hydrogen, and yields a sublimate of sulphur ; the 
residue is attracted by the magnet. Heated on Ch with tbo Fl, 
the sulphur burns off with a blue flame, and leaves red oxide be- 
hind, which, when treated with the fluxes, gives pure iron reactions. 
But slightly affected by hydrochloric acid ; nitric acid dissolves it, 
leaving a residue of sulphur. 

WIdte Iron Pyrites [Marcasite] . 

g 159. FeS^ H=6— 6.5. 0=4.6—4.8. Crystals are prismatic. 
Color usually light bronze-yellow, sometimes inclined to green or 
gray ; occurs frequently in radiated masses or crest-like aggrega- 
tions. Very liable to decomposition. 

Before the Blp it behaves like the preceding. 
Magnetic Pjritea [Pyrrhotine] . 

§160. 6FeS+re'S'. H=3.5— 4.5. G=4.4— 4.t. Very much 
resembles common iron pyrites, ftom which it is distinguished hy 
its inferior hardness, and by being slightly attracted by the magnet. 

Heated in a matrass, remains unchanged ; in the open glass tube, 
emits sulphurous acid but yields no sublimate. On Ch in EFl, 
fuses to a globule, which is covered with an uneven black coating, 
which follows the magnet, and which, on a surface of fracture, ex- 
hibits a yellowish crystalline structure and metallic lustre. In 
OFl it is converted into red oxide. 
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Soluble in hydrochloric acid, excepting the sulphur, with evol* 
tion of sulphuretted hydrogen. 

Arsenical Ih/rites [Mispickel]. 

§161- FeS'+FeAs. H=5.5— 6. 0=5—6.4. Of metallic lustre 
and a silver-white color. Streak dark grayish-blaek. Brittle. 

Heated in a matrass, yields first a red sublimate of sulphide of 
arsenic, and afterwards a black crystalline one of metallic arsenic; 
in an open glass tube, yields arscnous acid and sulphurous acid. 
On Ch, emits copious arsenical fumes, and a Ot of araenous acid is . 
deposited ; then fuses to a globule which shows the properties of 
fused magnetic pyrites. Frequently contains cobalt, the presence 
of which may be detected by the method described in § 69. 

Soluble in nitric acid and aqua regia, leaving a residue of sulphar 
and arsenous acid ; the latter dissolves with continued digestion. 
Titaniferoua Iron [Ilmenite]. 

§162. Ti'O' and Fe'O' in various proportions. H™5 — 6. 
G=5.5 — 5. Of iron-black color, usually in tabular crystals, bears 
a great resemblance to specular iron, but gives no red powder. 

Alone in the OFl infusible ; in RFl it may be rounded at the 
edges. With Bx and SPh in OF!, gives the reactions of pure oxide 
of iron ; but the SPh bead when treated with the RFl assumes a 
brownish-red color, the intensity of which depends upon the amount 
of titanic acid present ; this glass, when treated with tin on Ch, 
turns violet (v. Table II, 23). To show conclusively the presence 
of Ti, follow the method given in g 111. 

Dissolved by hydrochloric acid and aqua regia with separation 
of titanic acid ; some varieties dissolve with great difficulty, even 
when reduced to a very fine powder. 
Spathic Iron [Chalybite], 

§ 163. FeO.CO'. H=3.5— 4.5. 0=3.7—3.9. Color from grayish- 
yellow to reddish-brown ; crystallizes in rhomb ohedrons, which are 
often curved, and are very distinctly eleavable ; often massive. 

Heated in a matrass, frequently decrepitates, carbonic acid and 
carbonic oxide are given out, and a black oxide of iron remains, 
which is attracted by the magnet. Alone, infusible. With Bx and 
SPh it gives the pure iron reactions, and with Sd sometimes those 
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of manganese. It dissolves in strong atids with effervescence, but 
with difficulty, and only when pulverized. 
Green Vitriol [Copperas], 

§ 164. FeO. So'+mO. H=2. G=1.83. Occurs usually massive 
and pulverulent, of varioua shades of green, becoming yellowish oa 
exposure to air ; taste astringent and metallic. 

In a matrass, gives out sulphurous add and water, which shows 
acid reaction. Strongly heated, only sesquioxide of iron remains. 

Soluble in water. 
Vivianite. 

§165. 6(3FeO,Po'+8HO)+(3Fe'0',2POH8HO). H=1.5— 3. 
G=2.66. Occurs crystallized, or in reiiiform and globular masses, 
Bometimes as incrustation. Color blue to green, usually dirty blue. 

In a matrass, swells and gives pure water. la the forceps, fuses 
to a steel^ray metallic globule, coloring the outer flame bluish- 
green. With fluxes gives the reactions of iron. 

Easily soluble in hydrochloric acid and nitric acid. With a solu- 
tion of caustic potassa, it blackens. 

Scoi'odite. 

§166. Pe=0>,AsOH4HO. H=3.5-4. 6=3.1^3.3. Crystal- 
lized. Color pale leek-grccn or liver-brown. 

In a matrass, yields pure water. In the forceps, fuses to a gray 
seoriaceoua sla.g of metallic lustre, coloring the outer flame pale-blue. 
On Oh, emits arsenical vapors and fuses to a gray magnetic slag, 
of metallic lustre, which gives with flaxes the reactions of iron. 

Not affected by nitric acid; fonns a brown solution with hydro- 
chloric acid; partially dissolved by ammonia, leaving a brown 
residue. 

Ores op Lead. 

Plumbic Ochre. 

§ 167. PbO, containing frequently PbO.OO', CaO, Fe'O", and 
SiO'. G=8. Massive. Lustre dull; color between sulphur and 
orpiment-yellow. 

Before the BIp, behaves like oxide of lead. 

Minium. 

§168. PbO.PVC. 0=4.6. Pulverulent. Color vivid red, mixed 
with yellow. 
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Before the Blp, behaves like oxide of lead. 
With hydrochloric acid, evolves chlorine and is converted into 
chloride of lead. With nitric acid, becomes brown. 



§169. PbS. H=a.5— 2.T5. G=T.26— T.T. Color, lead-gray; of 
metallic lustre. Crystals uauaHy affect the cubical form, and pos- 
sess very perfect cubic cleavage. 

Heated in a matrass, sometimes decrepitates and frequently 
yields a slight white sublimate. Heated in an open glass tube, 
emits sulphurous acid, and, on the heat being raised, gives a 
white sublimate of sulphate of lead. Heat«d on Ch, affords a glo- 
bule of pure lead, the Ch becoming at the same time covered with 
sulphate of lead and oxide of lead. The globule of metallic lead 
yields generally a little silver on cupellation. The presence of 
antimony is ascertained as shown § 49, Zini", § 113. Iron, § 83. 

It dissolves with oome difficulty in boiling hydrochloric acid, 
with evolution of sulphuretted hydrogen. Tery dilute nitric acid 
has no effect on it, hut by a stronjfcr acid it is readily dissolved 
with evolution of nitrous a«id vapors. By fuming nitric acid and 
aqua regia it is very violently acted upon, being converted into 
sulphate, or a mixture of the sulphate with the chloride. 

Bournonite. 

§ ITO. 3Cu'S,SbS'+2(3PbS,SbS'). H=2.5— 3. G=5.1— 5.9. 
Occurs crystallized, and massive, granular, compact; lustre metallic; 
color and streak steel-gray. 

In a matrass, decrepitates and yields with a strong heat a dark- 
red sublimate. In an open tube, sulphurous acid is evolved and 
abundant antimonia! fumes, which condense partly on the upper 
and partly on the lower side of the tube ; the former consist of anti- 
monious acid, which is volatile; the latter is not volatile, and con- 
sists of a mixture of antimonate of oxide of antimony with antimo- 
natc of lead. On Ch, fuses readily to a black globule and deposits a 
Ct of antim onions acid; with strong heat a Ct of oxide of lead is 
obtained; the remaining globule, when treated with Bx in OFl, 
gives the reactions of copper, and the globule assumes the appear- 
ance of metallic copper. 
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Dissolves readily in nitric acid to a blue liquid, leaving a residue 
of antinionious acid and sulphur. Aqua regia leaves a residue of 
sulphur, ehloride of lead, and antimonite of lead ; the solution gives 
a precipitate with water. Ammonia dissolves a portion of the 
sulphide of antimony. 

The following ores behave before the Blp in a very similar manner. 

Geocrmite. PbS. (SbS', AsS'}+4PbS. 

Dvfrenoysite. PbS, AsS'+Pbs. 

BoulangerUe. PbS, SbSHSPbS. 

Heteromorphite. PbS, SbS'+PbS. 

Jamesonite. 2(PbS, SbS')+PbS. 

Plagimite. 3(PbS, SbS')+PbS. 

ZinJcenite. PbS, SbS'. 

Those minerals in which a part of the SbS' is substituted by 
AsS', give on Ch arsenical vapors, and in an open tube a crystalline 
sublimate. 

Gerasim [Corneous Lead]. 

I in. PbCl+PbO.CO'. H=2.T5— 3. G=6— 6.3. Forms 
crystals of adamantine lustre, of whit«, gray, or yellow color. 

In a matrass, decrepitates slightly and becomes a little darker 
yellow. On Ch, fuses readily, emits acid vapors, becomes reduced 
to metallic lead, and gives a white Ct of chloride of lead and a 
yellow Ct of oxide. 

Dissolves in nitric acid with effervescence. 

White Lead Ore [Cerusite]. 

§ ITS. PbO. CO^ H=3— 3.5. G-=6,4. Occurs granularly 
massive, or in prismatic needles, or compressed plates. Color 
mostly white, yellow, or gray. 

When heated in a matrass, decrepitates and turns yellow ; car- 
bonic acid is given out. Heated on Ch alone, is reduced to metaBic 
lead. Treated with fluxes, dissolves with effervescence and gives 
the reactions of pure oxide of lead (v. Table II, 12) ; dissolves 
readily and with effervescence in dilute nitric acid ; with hydro- 
chloric acid, leaves a residue of chloride of lead ; dissolves in a 
Bolution of caustic potass a. 



;icd by Google 



82 ELDERHORST S MANUAL OF 

LeadJdllite. 

% 113. PbO. SO'+3(PbO.CO0. H=2.5. G=G.2— 6.5. Occurs 
in transparent crystals of pearly or resinous lustre. Color white, 
passing into yellow, green, or gray. 

On Ch, intumesees slightly, heeomes yellow, but white again on 
cooling ; with greatov heat easily reduced to metallic lead. 

Dissolves in nitric acid with effervescence, leaving a residue of 
sulphate of lead. 

Lead Vitriol [Anglesite]. 

§ lU. PbO. SO', H=2.15— 3. G=6.3. It often occurs in 
small octahedral crystals with many facets, but more frequently in 
laminar masses ; of high lustre. 

Heated in a matrass, decrepitates and usually yields a little 
water. Treated on Ch in OFl, fuses to a dear bead, which on 
cooling turns millt-whito ; with Sd on Ch, affords a globule of 
metallic lead ; the Sd is absorbed by the Ch and shows, when placed 
on silver-foil, a strong sulphur reaction. With the fluxes, gives the 
reactions of oxide of lead. Traces of iron or manganese may be 
detected by Bs or Sd as shown §| 83 and 90. 

It dissolves in acids only with great difficulty ; by hydrochloric 
acid it is partly decomposed ; the pulverized mineral is soluble in a 
solution of caustic potassa. 

Phmphate of Lead [Pyromorphite]. 

|175. Essentially PfaCH3(3PbO.[PO^AsO^). H=3,6— 4. G= 
6,5 7. It occurs often in globular masses with a columnar struc- 
ture, also fibrous and granular. Color green, yellow, and brown. 

Heated in a matrass, sometimes decrepitates and yields, with 
continued heat, a faint white and volatile .sublimate of chloride of 
lead. Heated in the platinum-pointed pincers, fuses readily and 
colors the outer flame blue ; if the amount of phosphoric acid la 
not too small, the edges of the flame will appear green. With SPh 
and oxide of copper, gives the reaction for chlorine, § 65. On Ch 
in the Fl, fuses to a globule, which on cooling assumes a poly- 
hedral form and a dark color ; in the R PI, yields a Ct of oxide of 
lead, and the globule, on cooling, assumes dodecahedral facets of 
pearly lustre. With boracic acid and iron wire, gives the reaction 
for phosphoric acid (§ 95). With Sd on Ch, affords metallic lead. 
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Some varieties contain arsenic acid, which is readily detected by 
the odor when treated with Sd on Ch (§ 54). 

Soluble in nitric acid, and aolntion of caustic potassa. 
Plumho-Resinite. 

§ 116. 3PbO. PO«+6(Al=0',3HO). H=4-4.5. G=6.3— 6.4. 
In reniform or globular masses, with a columnar structure; also 
compact massive. Ofresinouslustre; colorusuallyyellowish-brown; 
resembling gum-arabic in appearance. 

I, decrepitates and gives out water. In the forceps, 
i and colors the outer flame azure-blue. On Ch, intu- 
mesces, becomes white and opaque, and fuses but imperfectly, de- 
positing a faint white Ct of chloride of lead. In small quantities, 
soluble in Bs and SPh to clear beads. With 8d on Ch, minuti 
globules of metallic lead are obtained. Treated with SoCo, assumes 
a fine blue color. 

Soluble in nitric acid. 

Red Lead Ore [Crocoisite] . 

§ in. PbO. CrO'. H=2.5-3. G=5.9-6.1, Occurs csually in 
bright hyacinth-red crystals of adamantine lustre. 

In a matrass, decrepitates ; the crystals are broken up into minute 
pieces and assume a darker color. On Ch, fuses and becomes re- 
duced with detonation; a Ct of osidc of lead is formed, and grayish- 
green sesquioside of chromium remains with the metallic globule. 
With Sd on Ch, affords a globule of metallic lead. Witb Sd on 
platinum foil, fuses to a dark-yellow mass, which becomes green in 
RFl. With Bx or SPh in OPl, dissolved; the bead appears 
yellow while hut, but becomes green on cooling. Fused in a 
platinum spoon with from 3 to 4 parts of bisnlphate of potassa, 
gives a dark-violet mass, which is greenish-white when cold. 

Dissolves in heated hydrochloric acid to a green liquid, leaving 
a residue of chloride of lead. Dissolves with difficulty in nitric 
acid to a yellowish-red liquid. A solution of caustic potassa colors 
it brown, and finally dissolves it to a yellow liquid. 



§ 178. 3CiiO,2CrO'+2(3PbO,2CrO'). H=2.5— 3. G=5.5_5 7 
Occurs usually in minute crystals, or in reniform or granular masses" 
Color dark-green to brown, sometimes nearly black. 
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On Ch, fuses with effervescence to a gray submetallic globule; 
where the mass is in contact with the coal, small globules of lead 
make their appearance ; in RFl a Ct of oxide of lead is formed. 
With Bx or SPh in Fl, clear green beads are obtained, which 
remain green on cooling, bnt which on application of the RFI be- 
come red and opaque; this reaction appears most distinctly on Ch 
with Sn. With Sd on platinum wire in OFl, dissolves to a trans- 
parent green bead, which on cooling becomes yellow and opaque; 
on treating the bead with a few drops of water, a yellow solution 
is obtained, in which the presence of chromic acid may be proved 
as described § 68. With Sd on Ch, is completely decomposed; on 
treating the reduced metals with boracic acid on Ch (v. § Tl) a 
globule of metallic copper is obtained. 

Partly soluble in nitric acid to a dark green liquid; the residue 
is yellow. 

Wul/etdte [Yellow Lead Ore], 

g lt9. PbO, MoO^ sometimes with a little CrO'. 11=2,75—3. 
6=6.3—6,9. Crystallized or granularly massive, firmly coherent. 
Color usually wax-yellow, pe^sing into orange-yellow. 

In a matrass, decrepitates and becomes darker while hot. On 
Ch, fuses and is partly absorbed by the coal, while metallic lead and 
a Ct of oxide of lead are deposited. With Bx or SPh on platinum 
wire gives the reactions of molybdic acid (v. Table II, 15). With 
Sd on Ch, affords a globule of metallic lead. Fused with bisulphate 
of potassa in a platinum spoon, a yellowish mass is obtained, which 
becomes white on cooling ; treated with distilled water and a piece 
of metallic zinc placed into the solution, the liquid assumes a blue 
coior. 

Dissolves in concentrate hydrochloric acid to a green liquid, 
leaving a residue of chloride of lead. The pulverized mirieral is 
decomposed on being digested with nitric acid ; a yellowish- white 
residue is left, which becomes blue when exposed to air in thin 
layers. 

Oees or Manganese. 

Pymlusite [Gray Ore of Manganese]. 
I 180. MnO\ H=2— 2.5. G=4,8. Of black or dark-gray color 
and little lustre ; powder black j sometimes of columnar structure. 
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In a matrasa, usually yields a, little wat«r ; when heated to red- 
ness, oxygen is erolved. Alone infusible, but turning reddish- 
brown when the temperature ia sufficiently high. Soluble in Bx 
and SPh with the usual manganese-reactions ; gives frequently the 
indications of iron. 

Soluble in hydrochloric acid with disengagement of chlorine. 

Hatmnannite [Black Manganese], 

§181. MnO,Mn'0'. H=5— 5.5. G=4.T. Crystallized, or 
granular, particles strongly coherent. Color brownish-black ; streak 
cL e stn ut-bro w n. 

Before the Blp, and to hydrochloric aeid behaves like the pre- 
ceding ore. 



§ 183. MnW. H=6— 6.5. G=4.7— 4.8. Occurs crystallized 
or massive. Color and streak diirk brownish-black. 

In a matrass, does not give any water ; behaves otherwise like 
pyro!usit«. Dissolves in hydrochloric acid with disengagement of 
chlorine, leaving sometimes a residue of silica. 

lUlomelane. 

§ 183. Composition very various, essentially Mn=0' with BaO or 
KO, and HO. H=5— 6. 0=3.7—4.3. Massive. Color iron- 
black ; streak brownish-black, shining. 

Before the Blp and to solvents it behaves like pyrolusite. 
Wad [Bog Manganese]. 

§ 184. Essentially MnO', MnO, and EG; contains often FeW, 
ATOS BaO, SiO', &c. H=:0.5_6. 0=3—4.3. Amorphous, 
earthy or compact, of a dull black color. 

In a matrass, yields water abundantly, and otherwise behaves 
like pyroIusit«. Some varieties, known under the name of " Cu- 
preous Manganese," when treated with Sd and Bx on Ch, afford a 
globule of metallic copper. 



§ 185. MnO.CO' when pure, sometimes (MnO, FeO, CuO, MgO), 
CO'. H=3.5— 4.5. G=3.4— 3.6. Occurs crystallized, or in globular 
masses of columnar structure ; also massive. Color shades of rose- 
red, brownish ; streak white. 
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. In a matrass, some varieties give a Uttle water and decrepitate 
violently. Infiiaible. Some varieties, when heated in R Fl, become 
magnetic. Dissolves in fluxes with effervescence and gives usually 
the reaction of manganese and iron. 

The pulverized mineral is little aflected by hydrochloric acid in 
the cold ; on heating dissolves with effervescence. 

M-anklinite. 

§ 186. ZnO, Mii'0'+4 Fe=0'. H=5,5— ff.5. Gf=5. Occurs 
crystallized, and massive. Lustre metallic ; color iron-black ; streak 
dark reddieh-brown ; acts slightly on the magnet. 

Infusible, Dissolves in Bx and S Ph witi manganese-reaction ; 
the Bx bead, when treated on Ch in E, Fl, becomes bottle^reen. 
With Sd on platinum foil, gives manganese-reaction. With Sd on 
Ch, gives a faint Ct of oxido of ainc, which becomes more distinct 
on addition of Bx. 

Dissolves completely in heated hydrochloric acid to a greeaish- 
yellow liquid, chlorine being evolved. 

Okes of Mercury. 

Native Mercury. 

§ 181. Hg, sometimes containing a little Ag. G= 13.5, Metallic 
globules of a tin-white color. 

Heated in a matrass, is converted into vapor, which condenses 
in the neck of the matrass to small metallic globules. 

Dissolves readily in nitric acid. 

Amalgam.. 

§ 188. AgHg' and AgHg". H=3— 3.5. G=10.5— 14, Occurs 
crystailized and massive. Color and streak silver-white; opaque. 

In a matrass, boils, gives a sublimate of metallic mercury, and 
leaves a spongy residue of silver, which on Ch fuses readily to a 
globule. 

Dissolves readily in nitric acid. 
Calomel [Horn Quicksilver]. 

§189. Hg^CI. H=I— 2. G=6.48. Occurs usually in distinct 
crystals or crystalline coats, of adamantine lustre and yellowish- 
gray color. 



;icd by Google 



Ie a matrass, yields a white sublimate of subchloride of mercury. 
Mixed with Sd and heated in a matrass, affords globules of metallic 
mercuiy. On Oh, completely volatilized, giving a white Ct. Shows 
the chlorine-reaction when treated as described § 65. 

Treated with boiling hydrochloric acid, is partly dissolved and 
becomes gray. Hot affected by nitric acid, dissolved by aqua rcgia. 
With a solution of caustic potassa, becomes black. 
Cinnahar. 

§ 190. HgS. H=2— 3.5. G=8.9. Color various shades of red, 
from cochineal-red to dark brownish-red. Powder always bright- 
red. It occurs in very small flattened crystals, or granularly massive. 

Heated in a matrass, is volatilized and condenses to a black sub- 
limate, which by friction assumes a red color. Mixed with Sd, 
yields on heating globules of metallic mercury. In an open glass 
tube, is partially decomposed into metallic mercury and sulphurous 
a«id. On Oh it is, when pure, wholly volatilized. 

Nitric acid and hydrochloric acid have no visible effect on it. 
Aqua regia dissolves it, part of the sulphur being precipitated. 
Insoluble in caustic potassa. 

Oees of Nickel. 
Copper Nickel. 

§191. Ni' As or Ni' {As. Sb). 11=5—5.5. 0=7.3—7.6. 
Usually massive; of copper-rod color, with a gray tarnish, and 
metallic lustre ; very brittle. 

In a matrass, affords a very slight sublimate of arsenous acid 
In an open glass tube, yields a copious sublimate of arsenous acid, 
and usually a little sulphurous acid ; the assay-piece assumes at the 
same time a yellowish-green color and crumbles to powder. On 
Ch, emits arsenical fumes and fuses to a white and brittle globule 
which, when treated with Bx in RFi, imparts usually to the flux 
the colors of iron and cobalt. Sometimes a faint Ct of oxide of 
lead is deposited on the Oh. 

Dissolves almost completely in concentrated nitric acid; the 
solution has a green color; on cooling arsenous acid i 
Readily dissolved by aqua regia. 
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', Qlance [Gersdorffite], 
§ 192. (Ni,Fe)+(S',As). H=5.5. 0=5.6-6.9. Of silver- 
white or steel-gray color, and metallie lustre. 

In a matrass, decrepitates violently and yields a yellowish-brown 
8ublimat« of sulphide of arsenic. In an open glass tube, emits 
arsenous acid and sulphurous acid. On Ch, fuses with emission of 
sulphur and arsenical fumes to a globule which, when treated with 
Bx in RFJ, gives the reactions of iron and cobalt. After having 
removed these two metals, the romaimng globule exhibits with the 
fluxes the reactions of pure oxide of nickel. 

Partly dissolved by nitric acid, sulphur and arsenous acid being 
precipitated. 

Nwkeliferous Gray Antimony [Ullmannite]. 

§ 193. NiS'+Ni(Sb,A3). H=5— 5.5. 0=6.3—0.5. It closely 
resembles the preceding ore in its physical properties. 

In a matraes, yields a slight white sublimate. In an open glass 
tube, emits copious antimonial fumes and sulphurous acid. On Cb 
in RFl, fuses to a globule, and coats the Ch with antimonious acid ; 
BOmetimsB the odor of arsenic is observable. The melting globule, 
when treated with Bx, frequently exhibits the reactions of iron and 
Eobalt besides those of nickel. 

It is violently acted upon by concentrated nitric acid, sulphur, 
antimonions and arsenous acids being precipitated. Aqua regia 
dissolves it, excepting the sulphur, to a green liquid. 
Capillary Pf/rites [Millerite], 

§ 194. NiS. H=3— 3.5. 0=5.2—5.6. Occurs usually iti delicate 
capillary crystals of brass-yeliow color and metallic lustre. 

In an open glass tube, evolves sulphurous acid. On Ch, fuses 
with emission of sparks to a metallic globule which is attracted by 
the magnet. The calcined mineral gives with fluxes the indications 
of oxide of nickel, and sometimes also those of oxide of cobalt. 

By heated concentrated nitric acid it is but little affected, but its 
color is changed to gray. By aqua regia it is wholly dissolved. 

Emerald Nickel. 

§195. (NiO.COH4HO)+2(NiO.HO). n=3— S.2. G=2.5— 2.T. 
TTsually forms incrustations of emerald-green color, and vitreous 
lustre. 
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la a matrass, loses already at 312° a coasiderable amount of 
water, and blackens. In Bs and SPh, dissolves with effervescence, 
exhibiting the characteristic nickel-reactions. 

T. i__,g g^gjjy ji^ heated dilute hydrochloric acid with effer- 



Annahergite [Nickel Green]. 

§ 196. 3NiO.AsOH8HO. Soft. Id capillary crystals, also mas- 
sive and disseminated. Color fine apple-green. 

In a matrass, yields water and darkens in color. In the forceps, 
fuses and colors the outer flame Iigh^bl^e. On Ch in EFi, fuses 
with emission of arsenical vapor to a blackish-gray globule ; when 
treated with Bx the globule gives the reactions of nickel, some- 
times also those of iron and cobalt. 

Soluble in acids. 

Ores of Silver. 

Native Silver. 

% 19T. Pure silver, associated with gold, copper, arsenic, iron, 
and other metals. H=2.5~5. G= 10^11. Color silver-white i 
lustre metallic ; ductile and malleable. Occurs usually in twisted 
filaments, or arborescent ; sometimes in plates or massive. 

On Ch, fuses easily to a globule, which assumes a bright surface, 
and shows after cooling a eilvcr-white color. Foreign metals are 
detected by the methods given §§ 103-105. 

It dissolves nitric acid. 

Antimoniol Silver [Discrasite]. 

§ 198. Ag^Sb and Ag-Sb. H=3.5— i. G=9.4— 9.8. Oceura 
crystallized or massive, granular. Lustre metallic ; color and streak 
silver-white. 

On Ch, fuses readily to a gray non-ductile globule and coats the 
Ch with oxide of antimony ; with continued beat the globule as- 
sumes the appearance of pure silver, and the Ct becomes reddish. 

Dissolves in nitric acid, leaving a residue of oxide of antimony. 

Born Silver [Kerargyrite] . 

§199. AgCl. H=l— 1.5. G=5.5. Remarkable for its pearl- 
gray or greenish color, its semi-transparency, resinous lustre, and 
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more especially for its softness, which is so great as to allow it to 
be marked by the nail. It turns brown on exposure to air. When 
rnbbed with a moistened plate of zinc or iron the latter becomes 
covered with a coating of silver. 

It fuses in a candle-flame. On Ch, is easily reduced, especially 
when mixed with Sd. Mixed with oxide of copper and heated on 
Ch in BFl, chloride of copper is formed, which colors the flame 
azure-blue (v. § 65). 

Insoluble in water and nitric acid. Slowly soluble in caustic 
ammonia. Partially decomposed by a boiling solution of caustic 

Einholite [Chloro-bromide of Silver.] 

§200. 2AgBv-f3AgCl. H=l— 1.5. G=5.3— 5.4. Crystallized 
or massive. Lustre resinous; color various shades of green. 

On Ch, fuses readily, evolves pungent vapors of bromine, and 
affords a globule of metallic silver. With Sd on Ch, reduced; on 
dissolving in water the alkaline mass which has passed into the 
coal, evaporating the solution to dryness, and treating the residue 
with bisulphate of potassa as described § 63, bromine- vapors are 
given out. Fused with oxide of copper on Ch in RFI, colors the 
outer flame greenish, then blue (v. § 65). 

Sromyrite [Bromic Silver]. 

I 201. Ag Br. H=l— 3. G=5.8— fi. Occurs usually in small 
concretions. Lustre splendent ; color yellowish-green or green, 
Sectile. 

Its action before the Blp not known; behaves probably like the 



Only sHghtly affiicled by acids. Dissolves in heated concentrated 
ammonia. 

lodyrite [Iodic Silver], 

§203. AgT. Soft. 0=5.5. Occurs crystallized or in thin plates 

with a lamellar structure. Color citron-yellow to yellowish-green. 

On Ch, fuses readily, colors the flame purple-red, and alfords & 

e of silver. 

er Glance. 

. AgS. H=2 — 2.5. G=T. Color blackish lead-gray; lustre 
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.netallic. It is easily distinguished from other minerals of the same 
color by being cut hy a knifo like lead. 

On Ch in OPl, intumesces, gives out sulphurous aci(5. and finally 
yields a globule of metallic silver. 

Soluble in dilute nitric acid, leaving a residue of sulphur. 

Rvhy Silver [Pyrargyrite. Dark-red Silver Ore]. 

§ 304. SAgS, SbS=. H=2— 2,5. G=5.T— 5,9. Color dark-red 
. to black, giving a cochineal-red powder. Crystallizes in hexagonal 
prisms. 

In a matrass, fuses very readily and yields with continued heat 
a sublimate of tersulphide of antimony. In an open glass tube 
gives antimonial fumes and sulphurous acid. On Ch, fuses readily 
and deposits a Ct of antimonious acid, being converted into sul- 
phide of silver; if for a long time exposed to the OFl or, when 
mixed with Sd, to the EPl, affords a globule of metallic silver. 

Part of the SbS' is sometimes substituted by AsS"; it then gives 
out arsenical fumes when mixed with Sd and heated in the R Fl 
onCh. 

The pulverized mineral, when heated with nitric acid, turns black 
and is nltimately dissolved, leaving a residue of sulphur and anti- 
monious acid. Caustic potaasa also blackens it and effects partial 
solution, from which acids precipitates tersulphide of antimony. 

Proustite [Light- red Silver Ore]. 

g 205. 3AgS, AsS^ H=2— 2.5. 0=5.4—5,5. Tery much re- 
sembles the dark-red silver ore, but is of a somewhat lighter color. 

Before the Blp and to solvents, behaves like the preceding, 
excepting it gives off arsenical fumes instead of antimonious acid. 
I'he solution in caustic potassa deposits a yellow precipitate when 
neutralized with acids. 

Biittle Silver Ore [Stephanite]. 

§206. 6 AgS, SbS', H=2— 3.5, 0=6.2. Ofmetallic lustre and 
iron-black color; it is very brittle and fragile, and its powder black. 

In a matrass, decrepitates, then fuses and ultimately yields a faint 
sublimate of tersulphide of antimony. On Ch, fuses very readily 
and coats the Ch with antimonious acid. If the blast with the 
Fl is kept up for a sufficient time, the Ct assumes a red color and a 
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globule of roetallic silver is obtained. Contains frequently copper 
and iron, which may be detected by the process described § tl. If 
arsenic is present it gives in the open tube a crystalline sublimate 
of arsenous acid. 

lu dilute heated nitric acid it dissolves, excepting the sulphur 
and antimonious acid; the solution becomes milky on addition of 
water. Partially dissolved by a boiling solution of caustic potassa. 



g 20t. 9 (Cu^S, AgS) (SbS^ AsS')- H=2— 3. G=6.3. Occurs 
usually in short tabular prisms, or massive. Lustre metallic ; color 
and streak iron-black. 

In a matrass, fuses very readily, but gives nothing volatile. In 
an open tube, gives sulphurous acid and antimonial fumes; the sub- 
limate contains sometimes crystals of arsenous acid. On Ch, gives 
a Ct of oxide of antimony; with continued heat, gives a bright 
metallic globule, whieb, on cooling, becomes black on its surface; 
sometimes a faint Ct of oxide of zinc is deposited ; the metallic glo- 
bule affords with fluxes the reaction of silver and copper. 

With acids behaves like hournonite. 

Stromeyerite [Argentiferous Sulphide of Copper]. 

g 208. Cu=S. + AgS.- H=2.5— 3. G=6.2— 6.3. Occurs usually 
in small compact masses. Lustre metallic ; color dark steel-gray. 

In a matrass, fuses easily and gives sometimes a little sulphur. 
In an open tube, fuses to a globule and gives sulphurous acid. On 
Ch, fuses to a gray metallic globule which is a little malleable ; 
with fluxes the globule gives the reactions of copper, sometimes 
also those of iron ; on a cupel mth lead afi'ords a globule of silver. 

Dissolves in nitric acid, leaving a residue of sulphur. 

Ores of Tin. 

Tin Ore [Cassiterite]. 

§209. SnO>. H=6— 1. 0=6.3—1.1. It occurs crystallized in 
square prisms terminated by more or loss complicated pyramids ; 
reSntrant angles are so frequent that they are to a certain extent 
cliaracteristic ; also massive, and in small mammillated masses of 
fibrous texture, hence called " wood tin." Color very various, but 
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usually brown or black. The crystals commonly possess a \ ery 
brilliant lustre. 

Infusible in the forceps ; the behavior before the Blp is that of 
pure oxide of tin (v. Table II, 22), excepting of its sometimea 
imparting to the Jix bead a slight yellowish tinge, owing to the 
presence of iron, and exhibiting the reaction for manganese when 
fused with soda and nitre on platinum-foii. 

Insoluble in acids. Fused with caustic potassa, yields a mass 
which is mostly soluble in water. 
2Vn Pyrites. 

§ 210. 2 Cu'S, SnS' + 2 (FeS, ZnS), SnS=. H=4. G=4.3— 4.5. 
Of steel-gray or iron-black color, and metallic lustre. Occurs 
usually massive, granular, and disseminated. 

In an open glass tube, yields sulphurous acid and oxide of tin, 
which collects close to the assay-piece and which cannot be vola- 
tilized by heat. On Ch in E. Fl, ftisea to a black scoriaceous glo- 
bule ; in O Fl, gives out sulphurous acid and becomes covered with 
oxide of tin. "When well calcined by the alternate application of 
PI and R Fl, gives with Bx the indications of Fe and Cu. With 
Sd and Bx, yields a globule of impure copper. 

Decomposed by nitric acid ; a blue soli^ion is obtained, and a 
mixture of sulphur and oxide of tin remains undissolved. 

Ores of Zinc. 

Red Zinc Ore [Zincite]. 

g 211. ZnO, containing some MnW. H=4— 4.5. G=5.4— 5.5. 
Of a deep-rod color and high lustre ; of distinctly foliated structure. 

Infusible alone. Dissolved by Bx in Fl with manganese 
reaction. With Sd on Ch, deposits a copious Ct of oxide of zinc. 

Soluble in nitric acid without effervescence ; in hydrochloric acid 
with evolution of chlorine. 

Blende. 

§ 313. ZnS. H=3.5— 4. G=3.9— 4.3. Of very variable color, 
from yellow to bla«k ; of resinous lustre and lamellar aspect, dis- 
tinctly cleavable. It occurs often crystallized in rhomboidal dodec- 
ahedrons. The powder is always light^colorcd, white or grayish, 
and dull. 
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In a matrass sometimeo deciepitates violently, but gives nothing 
volitile, it9 color also remains unchanged, excepting the green 
varieties whiLh hecome yellow Strongly heated in an open glass 
tube sulphurons acid is evolv ed and the color of the calcined assay 
is white yellowish or brownish according to the amount of FeS 
which it contains 4.1one infusible or only rounded at the thinnest 
edges. On Oh in R Fl a feeble dark Ct of oxide of cadmium is 
usually obtained, which is soon followed by a pure zinc-Ct. With 
Sd on Ch, is easily reduced, and the characteristic zinc-flame may 
frequently be observed. Iron is readily detected by calcining the 
mineral in the FI and treating the residue with Bx. 

The pulverized mineral dissolves in nitric acid, leaving a residue 
of sulphur. 

Smitfisonite [Calamine]. 

§213. ZnO.CO'. H=5. Gt=4— 45. It is found crystallized 
in forms derived from the rhomboid. Of vitreous lustre, and white, 
grayish, or brownish color; semi-transparent or opaque. Often 
Btalactitic or mammillary. 

Heated in a matrass, loses carbonic acid and, if pure, appears 
after cooling enamel-white. The ZnO is often to a large extent 
substituted by FeO, MnO, CdO, PbO, MgO, CaO ; it then, after 
cooling, frequently assumes a dark color and gives with fluxes the 
indications of iron and manganese. Mixed with Sd and exposed 
to the B Fl, it is decomposed and oxide of zinc deposited on the 
Ch. If the temperature was raised sufBciently high, a zinc-flame 
ia sometimes observable. The Ct is at first dark yellow, or reddish 
when cadmium is present. 

It readily dissolves in acids with efferveseenoe ; also in caustic 
potassa. 



§ 214. 3ZnO+SiO"-|-2HO or 2(3ZnO.SiO')^-3HO. 11=4.5—5. 
G=3, 1—3.9. It closely resembles in its physical charaeters tho 
preceding ore. It is electric by heat ; the smallest fragment heated 
attracts light substances. 

Infusible in the forceps. In a matrass yields watcF and turns 
milk-white. Bx dissolves it to a transparent glass, which cannot 
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be made opaquo by flaming. It dissolves in 8 Ph to a transparent 
glass which becomes opaque on cooling, and in which, when highly 
saturated, clouds of silica are observable while hot. With Sd on 
Ch, swells and affords with difficulty a Ct of oxide of zinc. "With 
SoCo, assumes a green color, which, when the heat is raised, passes 
into a fine lighl^blue on the fused edges. 

It is readily decomposed by acids, with separation of gelatinous 
silicic acid. Partly dissolved by caustic potassa. 



APPENDIX. 

Fossil Fuel. 



Anthracite. 

% 215. C, with a small percentage of SiO', Al'O', and Fe'O' 
H=2— 2.5. G=1.3— 1.8. Lustre bright, often sub-metallic ; color 
iron-black, frequently iridescent. Fracture conchoidal. 

In a matrass, gives usually a little water, but no empyreumatic 
oil. Heated on platinum foil in Fl, is slowly consumed without 
flame, leaving a small quantity of ash, which consists of SiO', 
APO', and more or less Fe'0=. Does not color a boiling solution 
of caustic potassa. 

Sitnminom Coal [Common Coal], 

§ 216. 0, H, 0, in variable proportions; the bituminous matter 
contains from T6 to 90 per cent, of carbon ; the earthy impurities 
consist principally of SiO', APO', ajid CaO ; contains frequently a 

small amount of N and FeS'. Softer than anthracite, G= 1.2 1.5. 

Less highly lustrous than the preceding, and of a more purely 
black or brownish-black color. 

In a matrass, some varieties soften and cake (caking coal), while 
others are entirely infusible; all varieties are decomposed, evolve 
combustible gases and empyreumatic oils, and leave a residue of 
more or less metallic lustre (coke), which behaves like anthracite. 
On platinum foil, burns with a luminous flame and emission of 
smoke, leaving an earthy residue. 
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Boilod with a solution of caustic potasaa, or with ether, imparts 
to these solvents no, or only a pale-yellow, color. 
Brown Coal. 

§ 317. Composition the same as that of bituminous coiil, but 
the organic couatituents contain only from 60 to T5 per cent, of 
carbon. In physical proportion bears sometimes a close resemblance 
to the preceding ; some varieties show distinctly the texture of 
wood (lignite). 

In a matrass, infusible, but some varieties soften ; evolves com- 
bustible gases, empyreumatic oils, water of acid reaction, and a 
peculiar disagreeable odor, leaving a residue which consists of 
carbon and a considerable amount of ash. On platinum foil, burns 
with a smoky flame and emission of a peculiar odor. 

Boiled with a solution of caustic potassa, colors the liquid brown. 
Af'pJialtvim. 

g 318. C, H, 0, in variable proportions, with about 75 per cent, 
of carbon. G=l — 1.3. Of black or brownish-black color, and 
bituminous odor. 

Fuses at about 100° C, and bums with a bright flame and emission 
of a thick smoke, leaving little ash, which consists essentially of 
SiO', APO', and Fe'O'. In a matrass, gives empyreumatic oil, 
some ammoniacal water, combustible gases, and leaves a carbona- 
ceous residue. 

Treated with boiling ether, colors the solvent wine-red to brown- 
ish-red (distinction from bituminous coal); treated with a boiling 
solution of caustic potassa, does not color the liquid, or imparts at 
the most a pale-yellow color (distinction from brown-coal). 
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riFTH CHAPTER 



SYSTEMATIC METHOD FOR THE DISCRIMINATION OP INOROANIC 
COMPOUNDS. 

The carefiil observer, having become well acquainted with the 
reactions which are exhibited by the metallic oxides and other 
simple compounds, when subjected to the various treatments 
detailed in the second chapter, will find no difBculty in ascertaining 
the nature of any mineral substance presented to him for analysis. 

If the reactions are not quite distinct, owing to an intermixture 
with other substances, he may call to his aid the processes laid 
down in the third chapter, which will enable him, in most cases, to 
detect alao the nature of the impurities. But in order to attain 
satisfactory results in this way, a certain familiarity with all the 
principal tests is a necessary condition; this once acquired, any 
iiirther directioDS are quite superfluous. 

Those, however, who have not devoted much time to blow-pipe 
operations, will sometimes experience some difftenlties in drawing 
the correct conclusions from the observed phenomena, a difficulty 
which is to a great extent obviated by pursuing the course given 
below. This methodical course has the advantage of giving the 
operator the answer to every phenomenon which he observes, and 
thus leading him, though sometimes by a very tortuous path, to the 
right solution. An example will show this more clearly, and teach 
at the same time the use of the table. 

Suppose a substance be given for analysis. The operator com- 
mences with No. 1. The substance is heated in R Fl on Ch: a 
garlic odor is disengaged ; proceed to No. 2. Treated with Sd on 
Ch does not give a mass which exhibits the reaction of sulphur; 
proceed to No. 3. The substance shows no metallic aspect; pro- 
ceed to No. 131, thence to No. 135. It is not wholly volatilized, 
nor docs it exhibit the reaction of sulphur; proceed to No. 13T. 
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Here we find that the Bubstaiicc must either be an arsenite oi aa 
arsenate (which of the two, cannot he decided by the BIp alone), 
and to find the metal, we proceed to No. 102, It affords, after cal- 
cination, with Sd on Ch a fusible metallic button ; proceed to No. 103. 
The button is osidable (because on being heated in 0"F1, becomes 
covered with a blaclc coating of oxide); proceed to No. 105. The 
button is red and malleable ; the metal ie copper. The substance, 
therefore, was arsenite, or arsenate, of copper. 

The chief constituents of the body having thus been ascertained, 
the analyst should never omit to test the correctness of the result 
by the processes laid down in the third chapter. In the example 
given above, he should verify the result by the test given in § 51 
for araenous acid, and by those given in §§ Tl and T4 for copper. 
If wo wish to examine the assay also for the presence or absence 
of some accessory constitnents, we must always have recourse to- 
the methods detailed in Chapter III. For example, having fonnd 
the body under trial to consist essentially of sulphur and lead, and 
it appears desirable to know, whether or not it contains any silver, 
we must subject it to the treatment described § 103. 

( On Ch (RFl) with or without Sd disengages a garlic 

1/ odor. 2 

( Not 4 

{With Sd (RM) on Ch yields a scoriaceous mass which 

exhibits the sulphur-reaction (§ lOiy—Sulpharsenidi:. 131 

Not '. 3 

„ j Metallic aspect Arsenide. 131 

j Not Arsenite and Arsenate. 131 

I On Ch (OPl) disengages sulphurous acid, and exhibits 

the sulphur-reaction (g lOT) Sulphur Compound. 125 

Not 5 

{On Ch disengages the odor of rotten horse-radish 
,Selenium Compound. 13G 
Not 6 

( The substance, after having been well dried, fuses on 

6^ red-hot Ch 7 

I Not II 
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{Treated as indicated g 65 imparts to the flame 
blue or greea color 
Not 

g 1 The color is azure-blue , 

i The color is green 

! Treated as indicated § 63 disengages deep yelloi 
Not Chlorate. _._ 

{Treated as indicated § 63 disengages deep yellow vapors. 
Bromaie. 102 
Tiolet vapors j^daie. 102 

i Treated as indicated § 65 imparts to the flame an azure- 
blue or green color. 13 
Not "'''''"''. 11 

(Heated in a matrass with bisulphate of pdtassa and a 
little peroxide of manganese disengages violet vapors. 
Iodide and lodate. 102 

Deep yellow vapors, Bromide and Bromoie. 102 

LNot 13 

! Treated as indicated § 11 exhibits the fluorine-reaction. 
Fluoride. 103 
Not 14 

( Treated as indicated § 65 imparts to the flame an azure- 

14- blue color. 15 

A green color Ig 

'Heated with Sd on Ch gives a mass which, when mixed 

with bisulphate of potassa and black oxide of manga- 

16 - nese and heated in a closed tube, evolves a deep yellow 

Sas. Bromide. 162 

-Not Chloride and Chlorate. 102 

f Heated with Sd on Ch gives a mass which, when mixed 
16 ■! ^'*^ bisulphate of potassa and peroxide of manganese 

[ andheated inaelosedtube, evolves violet vapors, Joifirfe. 102 

I. Deep yellow vapors Bromide. 102 

-H.( Efiervesces with hydrochloric acid Carbonate 102 

1 Not 18 

{When finely powdered and heated with hydrochloric acid, 
effervesces Carbonate. 102 
Not ,q 
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{When finely powdered and heated with concentrated hy- 
drochloric acid, gelatinizes 30 
Not 20 

{Fused with Sd on Ch yields neither a metallic globule 
noraCt 21 
Yielda a metallic globale or a Ct 22 

( Treated as indicated § 61 colors the flame yellowish- 

21-! green Borate. 103 

iNot ;•■ 23 

The scoriaceous mass is heated in a platinum spoon with 
a drop of concentrated Bulphuric acid, then alcohol 
poured on it, and lighted. The flame appears yellowish- 
green Borate. 102 

Not,....'.'....... 23 

Treated as indicated § T7 exhibits the fluorine-reaction, 

FluoHde. 102 



24 



Not ^* 

Heated with Sd on Gh yields a button of fused metal, 25 

^Not 27 

( Heated on Ch alone behaves as indicated g 96 ; yielda 

25 -I with Sd on Ch a soft globule Phosphate of Lead- 

I Not ; 26 

! The scoriaceous mass treated with boracicacid, as indicated 

S95 exhibits the reaction of phosphoricacid.PAospWe. 102 

Not 28 

i Treated as indicated § 95 exhibits the reactioo of phos- 

27^ phoric acid Phosphate. 102 

(Not 23 

With Sd on Ch yields a metallic button or a copious Ct 31 

Not ^^ 

Pulverized and fused with 5 or 6 times its weight of Sd 
in a platinum spoon, yields a mass which, when heated 

with hydrochloric acid, gives a gelatinous precipitate 30 

Not ; 21 

The gelatinous precipitate placed, while still moist, on a 

blade of iron or zinc, becomes blue TungsCate. 139 

Not »0 

Metallic aspect ^^ 

Not 57 
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{Yields on Ch a malleable and fusible metallic button, 
which ia not oxidabie 33 
Not 36 

j Yellow button 34 

( White button.. 35 

iWith Bx on platinum wire gives a bluish glass 
■ GoldwUh Copper. 
Not Qoid. 

iWith Bx on platinum wire gives a bluish glass 
Sillier with Copper. 
Not Silver. 

( With Bx on platinum wire gives a glass whieh is blue in 

j both flames Cobalt. 

i Not 37 



' I Not .. 

,jo I Red and malleable metallic button Copper. 

I Not 

oq j Deposits on Ch a Ct, yellow while hot, white wlien cold 

*" I Not, A yellowish, brittle alloy Copper and 2V«. 

^^ j Malleable, yellow or reddish alloy Copper and Zinc. 

\ White, malleable alloy. Copper, Zinc, Nickel. 

42 \ Very fusible metallic button 

! Deposits on Ch a Ct 
No Ct deputiited oa Ch exhibits the reaitim of tin 
Tin 
. . j White Ct very volatile 
** I Not 

{Yields on Ch a brittle globule which exhibit" the anti 
mony reactions Anhmony 

Not Tellurium 

iMetailie aspect or powdei assuming metaliu, lustn- under 
the polishing steel 
Not 

Infusible and moxidable Plafmum 

Oxidabie 

With Bx in OPl an amethv st-colored glass Maiganese 
Not 



47 
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■ After having beeu oxidiaed, exhiiita with fluxes the iron- 

.0^ .reactions Iron. 

After having been oxidized, exhibits with fluxes the 

nicliel-reaetions Nickel. 

I Yields with Sd on Ch in RFl a tin globule. Oxide of Tin. 

\ Not 51 

iWith Bx on platinum wire a green glass in both flames, 
Chromic Iron. 
Not 52 

! Yields with Sd on platinum foil in OFl a bluish-green mass 53 

( Not 54 

f Gives with Bx or SPh on platinum wire an ametbystr- 

colored bead Oxide of Manganese. 

Not. Brown powder, Tungstate of Iron and Manganese. 

With S Ph on platinum wire in KFl gives a glass which, 

on cooling, becomes brownish-red and, when touched 

with tin, violet red THaniferous Iron. 

.Not; exhibits the iron-reactions 55 

{Heated in a closed glass tube, yields water; powder 
yellow,,^ Hydrate of Sesqvioxide of Iron. 
Yields no water 56 

-a j Magnetic; powder black Magnetic Iron. 

j Not; powder red Peroxide of Iron. 

ey J Affords with Sd on Ch in RFl a ftisible metallic button, 58 

' 1 Not 66 

.Q ( The button is malleable and inoxidable 59 

I Oxidahle button 60 

t-Q f Yellow button Oxideof Gold. 

^\"Whito button Oxide of Silver: 

„^( Button with Ct 61 

\ Malleable hutton without Ct 15 

( The Ct is white and very volatile. Oxide of Antimony. 

^^\ Not 62 

„„ J The Ct is yellow, and the button soft 63 

I The button is brittle 65 

^. very sraall quantity affords with Bx or SPh in OPl a 

green glass Chromate of Lead. 

I Not 6i 
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{The substance is yollow or reddish, Protoxide of Lead. 
The suhstanco is red Minium. 
The substance is brown Beutoxide of Lead. 

{Affords with Bx or SPh in OFl a green bead 
Ohromate of Bismuth. 
^"t Oxide of Bismuth. 

( Treated on Ch in OFI deposits a Ct, or vaporizes com- 

6-( pletely gf 

(Not pjQ 

J. f The Otis white, and very volatile... Oa^ii/e of Antimony. 

I Not gg 

gl The Ct is brown Oxide of Cadmium. 

(Not 69 

" The substance is red or yellow and affords, when heated 

in a dosed glass tube, metallic mercury 

Oxide of Mercury. 

The substance is white, becomes yellow on heating, and 
on cooling white again Oxide of Zinc. 

i Affords with Bx a bead which is blue in both flames 
Oxide ofOobalt. 
Not : 7] 

1 The Bxbead is greea in both flames 12 

) Not iTi, 



yn ( Soluble in water ijg 

\ Insoluble in water ^4 

yg j The substance is orange-red Bichromate of Potassa. 

\ The substance is j<i\\<iw...Ghromateof Potassaor Soda. 
' The substance is of semi-metallic aspect or grayish -black 

7^, .Chromic Iron. 

The substance is a green powder 

■ Sesquioxidn of Chromium. 

yg j The button is white Oa^e of Tin. 

I The button is red ^g 

yg I The substance is red or brown Suboxide of Copper. 

\ The substance is black Protoxide of Copper. 

iTho bead is green in OFi, and becomes reddish-brown 
iiiRFi le 
Not 78 
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The bead is amethyst-colored in OFl 79 

Not 80 



i Gives off water wlien iieated in a glass tube 
■ Sydrated Oxide of Manganese. 
Not Oxide of Manganese. 

gQ J Heated alone on Ch in OFI becomes magnetic 55 

(i*ot 81 

! Exhibits with SPh on platinum wire the uranium reac- 
tions Oxide of Uranium. 
Not 83 

ggj Soluble in water, exhibiting alkaline reaction 83 

\ Not 91 

go ( Very soluble 84 

j But little soluble 88 

a. j Heated on platinum wire, fuses readily and vaporizes... 85 

^iNot 8T 

o- J Heated on platinum foil, stains it dark-yellow Lithia. 

°^(Not 86 

( Heated on platinum wire, colors the flame pale violet. . . .. 
go J Sydrate of Potaisa. 

1 Reddish-yellow; the outer flame becomes enlarged 

L Hydrate of Soda, 

{Moistened with a drop of hydrochloric acid, and heated on 
platinum wire, colors the flame pale^reen Baryta. 
Purple Slrontia. 

{Moistened with a drop of hydrochloric acid, and heated 
on platinum wire, colors the flame purple Stronlia. 
Not 89 

on 1 Heated with SoCo, assumes a flesh-color Maanesia. 

*' i Not 90 

Qj, ( Heated alone, becomes very luminous Lime. 

\ Not; colors the flame pale-green Baryta. 

q- ) Heated with SoCo, assumes a fine blue color.... Alumina. 

^^\ Not 92 

Q„ ( Heated with SoCo, assumes a flesh-color Magnesia. 

'^■^JNot 93 

„„ ( Heated with SoCo, assumesagreen color.. Oa:i(ieo/.^mc. 

^^ Not 9i 
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! Affords with SPh in OFl a colorless glass, which in RFl 
becomes blue 95 
Not 97 

i Heated in a closed glass tube, evolves -ammonia and be- 
comes blue or green Tungstaie of Ammonia. 
N"ot 96 

98 I ^^ *^^ alone, infusible TungsHo Acid. 

I Fusible Tungsfale of Potasea or Soda. 

Q-l Exhibits with SPh the reactions of Molybdio Acid. 

^' \ Not 98 

Q„ ( Exhibits with SPh the reactions of pure... Titanic Add. 
(Not. 99 

{Affords with SPh in RFl a reddish-yellow glass; the 
intensity of the color increases on cooling. 100 
Not 101 

H QQ j The glass, when heated on Ch with tin, becomes violet 

j Tttanic Add, containing Iron. 

r With 8d on Ch in RFl, affords a metallic powder attract 

,-,. I able by the magnet Oxide of Nickel. 

j Not: affords with SPh in OFl a glass which, while hot, 
L is red, and colorless when cold Oxide of Cerium. 

NiTEATES, Chlobates, Bromates, Iodates, Carbonates, Phos- 
phates, Borates, Chlorides, Bromides, Iodides, Oxides, 
Hydrates. 

- „(, ( Affords with Sd on Ch in RFl a fusible metallic button. 103 

iNot 109 

,Qg j The button is malleable and inoxidable 104 

( The button is oxidablo. 105 

jQ^ J The button is yellow. Salt of Gold. 

\ The button is white Salt of Silver. 

•,n~{ The button is red and malleable Salt of Copper. 

^'^''1 Not, 106 

f The button is white and malleable and forma no Ct.... 
106] Salt of Tin. 

( Not 107 

..^„ j Forms a white and very volatile Ot... Salt of Antimony. 

\ The Ct is orange-yellow lOg 
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,^Q ( The button is malleable Salt of Lead. 

I The button is brittle Salt of Bismuth. 

T„„ Treated with Sd on Oh in EFl, deposits a Ct 110 

^""iKot 112 

.^„ j The Ct is white and very volatile.. ..Saii of Antimony. 
^^"1 Not Ill 

{The Ct is reddish-brown Salt of Cadmium. 
The Ct is yellow while hot, and white when cold 
Salt of Zinc. 

f On Ch alone, affords a gray and infusible powder which, 
I under the polishing steel, assumes metallic lustre.... 

Salt of Platinum. 

LNot 113 

{Heated with Sd in a closed glass tube aftbrda a subli- 
mate of mercury Salt of Mercury. 
Not 114 

{Heated with Sd in a closed glass tube disengages am- 
monia Salt of Ammonia. 
Not U5 

{Gives with Bx or SPh beads which are blue in both 
flames , Salt of Cobalt. 
Not 

( The beads are green in botb flames.. ..SaWo/fflrontiWMi. 

"^1 Not m 

!Tbe bead exhibits the reactions produced by oxide of 
copper ..Salt of Copper. 
Not 118 

! Affords with Sd on Ch a metallic powder, which assumes 
lustre by friction, and is attracted by the magnet 119 
Not 120 

Gives with Bx in RFl a bottle^reeu glass. Salt of Iron. 
Gives with Bx in RFl a grayish glass.. ..SaH of Nickel. 

! Gives with Bx in OFl an amethystK^olored bead 
Salt of Manganese. 
Not 131 

r Infusible mass, which assumes, with SoCo, previous to 

. I fusion, a fine blue color Sail of Alumina. 

A fiesh-color Salt of Magnesia. 

Not 122 
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I The watery solution gives a precipitate on addition of 
some Sd 123 
Not 124 

' Heated on platinum wire, colors the flame pale-grcen... 

■joo^ ■ Salt of Baryta. 

Colors the flame purple Salt of Strontia. 

_Not; but becomes very luminous Salt of Lime. 

{Heated on platinum wire, colors the flame violet 
Salt of Potaam. 
Colors the flame reddish-yellow Salt of Soda. 

Sulphur Compounds. 

-n-J Metallic aspect ; sulphides 126 

^'^^l Not 12t 

1 The substance is calcined, and the metal detected by pro- 

( ceeding as indicated above, beginning with No 102 

f Sulphates, hypo sulphates, sulphites, hyposulphites, sul- 
phides prepared artificially by precipitation, and a few 

native sulphides 128 

Heated with hydrochloric acid disengages : 

Sulphuretted hydrogen Sulphide. 130 

Sulphurous acid 129 

^Nothing Sulphate or Hyposulphate. 130 

Hydrochloric acid produces a white precipitate of sul- 
phur Hyposulphite. 130 

( Not. Sulphite. 130 

130-{ The metal is detected, beginning with No 102 



126 
127 



Arsenic Compounds. 



( Metallic aspect.,, 
(Not 



,„„ { Readily and completely volatilized on Ch... 
^^^ 1 Not 



{Gives a white and very volatile Ct 
Arsenide of Antimony. 
Not Arsenic. 
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The substaace, which ia aa arsenide or sulpharsenide, 
is thoroughly calcined, and then the metal detected 
as indicated above, beginning with No 102 

Wholly volatilized on Ch, and exhibiting the reactions 
of sulphur 136 

Not wholly volatilized, or exhibiting no sulphur-reaction, 131 

The substance is yellow Orpimevt. 

The substance is red. Realgar. 

The substance is very volatile Arsenous Acid. 

Not: arsenite or arsenate. The substaace is wel! cal- 
cined with alternating OFl and RFl, and the metal 
found, beginning with No 102 

Selenium Compounds. 

! Metallic aspect Selenide. 
Not r selenile or selenale ; the substance ia well cal- 
cined, and the metal detected, beginning with No.... 102 

TuNOBTATEa 

iWith Sd OD platinum wire in OPI affords a greenish- 
blue mass Wolfram. 
Not V 140 

i Heated with Sd in a closed glass tube, evolves am- 
monia Tungstate of Ammonia. 
Not 141 



141 



'. Soluble Tungstaie of Poiassa or Soda. 

Insoluble Tungstaie of Lime, Baryta, dc. 



Silicates. 

fThe analogy in chemical composition and properties, 
and the number of native silicates, make it impossible 

I to discriminate them by a few simple tests.* The 

I base or bases may, however, in many cases be de- 
tected by proceeding as indicated above, beginning 

L with No , 

• For the diacrimination of tlie natire Bilioatce, v. Chapter VL 
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SIXTH CHAPTER. 



By the methods givoa in the preceding chapters, we ca,n readily 
detect the constituentg of most inorganic compounds, whether pre- 
pared artificially or occurring in nature ; especially if heav^y metals 
form the principal constituents. But these methods do not enable 
US to discriminate the different native silicates, and other mineral 
bodies, which consist essentially of such substances that do not 
show any very characteristic reactions before the blow-pipe, as ex. 
gr. the alkaline earths. In some cases we may succeed in ascer- 
taining the principal ingredients of the substance under examina^ 
tion, but fail in establishing the mineral species. To attain this 
end more securely, we must pursue a course, composed of an ex- 
amination of the physical properties of the body and of blow-pipe 
operations, aided by humid analysis. The course adopted in this 
" Manual " is that given by Franz von Kobell, as laid down in his 
" Tafe.ln zur Bestimmung der Mineralien." The following is only 
an extraet, slightly modified, from this treatise ; 

The minerals, according to Von Kobell's system, are arranged in 
two large groups, the first embracing those possessing metallic 
lustre, the second those devoid of metallic lustre. To avoid mistakes, 
originating in the fact that some minerals occur sometimes with, 
and sometimeswithout,metalliclustre, these minerals will be found 
enumerated in both groups. 

The same precaution has been taken in regard to those species 
in which degree of fusibility, whether below or above 5, might ap- 
pear doubtful. The degree of fusibility is to bo judged of from the 
following scale : 

1. Gray Antimony. — Fusible in coarse splinters in tbe flame of a 
candle. 

2, Natrolite. — Fusible in fine splinters in the flame of a candle. 

10 
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3. Almandine or Iron-Garmst. — Easily fusible before the blow- 
pipe. 

i. Actinolite (a variety of hornblende). — Fusible before the Blp 
in coarse epiintera. 

5. Orthoclase. — Fusible before the Blp in fine splinters. 

6. Broncit*. — Fusible on the edges ia very fine splinters. 

The fusibility, when equal to that of actinolite, is designated by 
4 ; when between that of natrolite and almandine, by 3, 5, and ao on. 

The two large groups are divided into classes according to the 
fusibility ; these again in divisions, Ac, by which means we obtain 
the following general classification : 

GrOITP I. MiNEEALS POSSESSING A METALLIC LUSTEE. 
Class I. Native malleable metals, and mercury. 
Class II. Fusibility 1 — 5, or readily volatile. 
Division 1. Cfive a strong arsenical odor on Ch. 
Division 2. Give on Ch, or in an open tube, the horse-radish 

odor of selenium. 
Division 3. Give in an open tube a white or grayish sublimat«, 
which is fusible into colorless drops, indicative of 
tellurium. 
Division 4. Give antimonial fumes on Ch. 
Division 5. Give with Sd on Ch a sulphur-reaction, but do not 

give indications as above. 
Division 6. Do not exhibit the properties of the preceding di- 

Class III. Infusible, or fusibility above 5, and not volatile. 

Division 1. Give with Bs, in small quantities, the manganese- 
reaction. 
Division 3. Treated on Ch in RFl, become magnetic. 
Division 3. Resembling those of division 2. 

Group II. Mineeals not possessing Metallic Lostee. 
Class I. Easily volatile, or combustible. 
Class II. Fusibility 1—5, not, or only partially, volatile. 
Part I. Give with 8d on Ch a metallic globule or 
metallic mass. 
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Division 1. Give with Sd a globuk of silver. 
Division 3. Give with Sd a globule of lead. 
Division 3. When moistened with hydrochloric aeid, color the 
flame blue, and give with nitric aeid a solution 
which, on addition of an excess of ammonia, as- 
sumes an azure-blue color. 
Section 1. Give on Ch a strong arsenical odor. 
Section 2. Give no arsenical odor. 
Division 4. Impart to the Bx bead a blue color. 
Division 5. "When fused on Ch in RFl, give a black or gray 
metallic magnetic mass. 
Section 1. Give on fusion a strong arsenical odor. 
Section 2. Soluble in hydrochloric acid without leaving a per- 
ceptible residne, and without gelatinizing. 
Section 3. With hydrochloric acid, form a jelly, or arc decom- 
posed with separation of silica. 
Section 4. But little aifectcd by acids. 
Division 6. Not belonging to either of the preceding divisions. 
Part II. With Sd on Ch, give no metallic globule, or magnetic 
metallic mass. 
Division 1. After fusion and continued heating on Ch or in the 
forceps, have an alkaline reaction, and change to 
blue the color of a moistened red litmus-paper. 
Section 1. Easily and completely soluble in water. 
Section 2. Insoluble in water, or soluble with difficulty, 
•division 2. Soluble in hydrochloric acid without leaving a per- 
ceptible residue, some also soluble in water ; not 
gelatinizing. 
Division 3. Soluble in hydrochloric acid, forming a perfect jelly. 
Section 1. Giving water in a matrass. 
Section 2. Giving traces, or no water in a matrass. 
Division 4. Soluble in hydrochloric acid with separation of silica, 
without forming a perfect jelly. 
Section 1. Giving water in a matrass. 
Section 2. Giving traces, or no water in a matrass. 
Division 5. Little affected fay hydrochloric acid ; imparting to the 
Bx bead the color of manganese. 
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Division 6. Not belonging to either of the preceding divisiona. 
ClASS III. Infusible, or fusibility above 5. 

Division 1. After ignition moistened with SoCo and again 
ignited, assume a bright-blue color. 
Section 1. Giving much water in a matrass. 
Section 2. Giving little or no water in a matrass. 
Division 2. Moistened with SoCo and ignited, assume a green 

color. 
Division 3, After ignition have an alkaline reaction, and turn 
into blue the color of a moistened red litmus-paper. 
Division 4. Completely soluble, or nearly so, in hydrochloric or 
nitric acid, without gelatinizing or leaving a per- 
ceptible residne of silica. 
Division 5. "With hydrochloric acid, form a jelly or are decom- 
posed with separation of silica. 
SeetioQ 1. Giving water in a matrass. 
Section 2. Giving traces, or no water in a matrass. 
Division 6. Not belonging to either of the preceding divisions. 
Section 1. Hardness below 7. 
Section 3. Hardness=T, or above. 

Group I. Minesals possessing- a Metallic Lustre, 
CiAss I. Native malleabt.b metals, and mercury. 
Native silver, see | 197. 
Native Gold and Electrum (alloy of silver and 

gold), see § 150. 
Native copper, see § 134. 
Native Lead, characterized by coating on charcoal 

(see g 23) and softness; 11=1.5. 
Native Platinum, see § 152. 
Native Palladium, distinguished from the preceding 

by being soluble in nitric acid. 
Native Iron, see § 154. 
Native Mercury, see § 181. 
Class II. Posibilitt 1 to 5, oe readily volatile. 
Division 1. Give a strong arsenical odor on charcoal. 
Native Arsenic, see § 118. 
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Dufrenoysite, sec § 110 ; Tennantite, see § 139 ; Po- 
lybasite, see § 20T; Domeykite, see § 140. 

Smaltine, seo § 128 ; Cobaltine, see § 129. 
Copper Nickel, see § 191 ; QersdorfSte, see § 192 ; 
ChIoanthite=NiAs, resembles the preceding 
two ; distinguished from copper nickel by its 
tin-white color, and from gersdorffite by not 
giving tlie reactions for sulphur. 

Arsenical Pyrites, see § 161. 
Division 2. Give on charcoal, or in an open tube, the horse- 
radish odor of selenium. 

Selenide of raercnTy=HgSe=, Onofrite=Hg (S.Se) 
and selenide of mercury and lead (Seleaqueck- 
silberblei)=3PbSe+ngSe, yield metallic mer- 
cury on being heated with Sd in a closed glass 
tube (§ 91) ; the latter yields a globule of me- 
tallic lead on being heated on charcoal with Sd. 

Clau8thalito=PhSe." Color lead-gray ; volatile 
without previous fusion, depositing first a slight 
gray, then a white, and finally a greenish-yellow 
coating ; with Sd yields with difficulty globules 
of lead. 

Naumannite=AgSo. Color iron-black; melts 
readily and yields with Bx a globule of pure 
silver. 

Berzelianite!=Cn=Se and Eocairite Cu'Se-f-AgSe. 
Color of the former silver-white, of the latter 
lead-gray. Distinguished from the other min- 
erals of this division by giving copper-reaetione, 
Dimsion 3. Qiix in an open tube a while or grayish sublimate, 
which is fusible ir>to colorless drops, indicative 
of tellurium, see § 11. 

The assay-piece used for this experiment ought not 

to be very small. It must also be borne in mind 

that the minerals of this division frequently 

evolve an odor of selenium, owing to a small 

10» H 
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peiceiitagL of selenium 'whieh they contain as 
adventitious con'-titucnt. 

The mineralh of this division may be subdivided 
according to tlieir color. 

a Ores of telluiium of tin-white or silver-white 
color 

Native Tellurium, fuses readily and is volatile with- 
out leaving a residue. 

Hessite=AgTe, and Altaite=PbTe ; both soluble 
in nitric acid ; the former yields with Sd on Ch 
a globule of metallic silver. 

Some varieties of sylvanite, see § 151. 

6. Ores of tellurium of lead-gray or steel-gray color. 

Tetradymite, see § 123. 

Sylvanite, see g 151. 

Nf^yagite^Pb, Au, Te, S. Color blackish lead-gray. 

Distinguished from the preceding by its solution 

in nitric acid giving a copious precipitate with 

sulphuric acid. 

IHvi^on 4. (?iueco^jouson(imoniffll/w»i(taoiicfearcoal(see|16). 

The fumes possess sometimes the odor of sulphur- 
ous acid or arsenic. 

B"ative Antimony, distinguished by its tin-white 
color; Stibnite, see § 115; Zinkenite, see § 170; 
Jamesonite, see § 110; Bournonite, see § 110. 

The powdered stibnite, on being heated with 
hydrate of potassa, assumes a yellow color, 
while the latter three minerals, which are steel- 
gray, do not change color. Bournonite, on being 
treated with nitric acid, imparts to the solution 
a sky-blue color, and gives copper-reactions on 
being treated as described in § 71. Zinkenite 
and jamesonite are converted into white powders 
by treatment with nitric acid without imparting 
a color to the acid ; they are distinguished by 
their hardness, that of zinkenite being=3.5, that 
ofjamesonite=2.5. 
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Closeiy rescmbliog the above in their chemical 
behavior are the following rare minerals : Plu- 
mosite, see 1 170 ; Boulangerito, see § 120 ; Gfeo- 
kronite, see § 110 ; Plagioaite, see § 170 ; Kilbri- 
keaite ; Steinmanaite. 
Discrasite, see§198; Stephanite, see |206; Polyt«. 
lite=S, Sb, Za, Fe, Ag, Cu ; some varieties of 
Tetrahedrite, see § 138 ; Miargyrite=AgS, SbS'. 
Diserasite does aot give a solphur-reaetioa, all 
the others do. Polytelite gives a copper-reae- 
tioa on being treated as described ia § 73. 
Miargyrite, streak dark cherry-red; stephanite, 
streak black. Miargyrite aad stephanite, hard- 
ness=2,5; Polytelite, hardaea3=:3.5. All the 
minerals of this subdivisioa give a globule of sil- 
ver on being treated as described § 104 or § 105. 
Wolfshergite (antimonial eopper)=Cu'S, SbS' ; does 
not give a globule of silver, bat yields a globule 
of metallic copper on being treated with Sd on 
charcoal. 
TJIlmannite, see § 193; Berthicrite, see § 116; 
BrcithanptitB=Ni Sb. All yield a magnetic 
globule with continued heat. Breithauptite is 
distinguished from the other two by not giving 
a sulphur-reaction. 
Division 3. Give with Sd on Oh a sulphur-reaction, but do not 
give the general reactions of the preceding 
divisions. 
SUver Glance, § 203. 
Galena, see g 169. 
Cinnabar, see | 90. 

Manganblende=MnS. Color iron-black, streak 
green. The pulverized mineral evolves salphu. 
retted hydrogen with hydrochloric acid. 
Hauerite=MnS^ Color brownish-black, streak 
brownish-red. Yields sulphur on being heated 
in a matrass. 



;ted by Google 



eldebhorst's manual op 

Copper Glance, see § 131; Stromeyerite, see |a08; 
Tin Pyrites, see § 210; Copper Pyrites, see 
I 135; Purple Copper, see § 136; Cuban=Cu'S, 
Fe'S"; Wittichite=3Cu'S, BiS'; Aikinite (acicu- 
lar bisiiiuth)=3Cu'S, BiS'+2(3PbS,BiS'); Gru- 
iiauite=BiS'-}-10Ni'S'; Ciiproplumbite=Ou'S, 
2PbS. Al! these minerals are partially soluble 
in nitric acid, the solution possessing asky-blue 
or green color; on addition of water to the con- 
centrated solution a white precipitate is produced, 
if the mineral under examination was wittichite, 
grunauite, or aikinite. [To distinguish these 
three, add to the acid solution sulphuric acid: 
a precipitate indicates aikinite; wittichite gives 
the copper-rea«tion on being treated as described 
in § 13, grunauite not.] Copper pyrites and 
Cuban are distinguished from the others by their 
brass-yellow color; purple copper is also charac- 
terized by its color. To distinguish the re- 
maining four minerals, make a solution in nitric 
acid; add sulphuric acid: a precipitate indicates 
cuproplumbite ; if no precipitate is produced, 
add hydrochloric acid: a precipitate indicates 
stromeyerite; to distinguish between copper- 
glance and tin pyi-ites, see § 137 and § 210. 
Millerite, see g 194; Linnaite, see § 130; Iron 
Pyrites, see § 158; Marcaaite, see § 159; Stem- 
bergite=S, Ag, Fe. The members of this sub- 
division fuse to globules which are attracted by 
the magnet. They are readily distinguished by 
the characteristics given in Chapter III. Stern- 
bergitfl, by the treatment described in § 104, 
yields a globule of silver. Marcasite and iron 
pyrites can only be distinguished by their crys- 
talline form. 
Blsmuthine, see § 125. 
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Division 6. Donolexkibitthepropertiesoftheprecedingdivisions. 
Amalgam, see g 188. 
Native Bismuth, see § 122. 
Hematite, see § 166. 
Magnetite, see § 157. 

Wolfram=MnO,PeO,Wo'. Color dark grayish or 
brownish-black. Fusibi!ity=3. The pulverized 
mineral on being boiled with aqua regia assumes 
gradually a yellowish color. 
Samarskite=NbO', FeO, U'O', YO. Color velvet- 
black. Fusibi]ity=4. By fusing the pulverized 
mineral with hydrate of potassa, boiling the 
fused mass with hydrochloric acid, filtering, and 
concentrating the solution by boiling with addi- 
tion of tin foil: the liquid assumes a flue blue 
color which does not pass into red on addition of 
water (as is the case with compounds containing 
titanium), but becomes paler and gradually dis- 
appears. 
Rhodonite, dark varieties=3MnO.SiO', 3H0. 
Yields water on being heated in a matrass. 
Soluble in hydrochloric acid with separation of 
siKca. 
Some varieties of psilomelane, see | 183. 
Lievrite and Allanite, some varieties, see p. 123 
Plattnerite=PbO'. Color iron-black; easily re- 
duced to metallic lead. 
Bed Copper, some varieties, see § 142. 
Class III, Infusible, or fusibility above 5. 
Division 1. Give with horax, in small quantities, the manganese 
reactions. 
The members of this division are distinguished from 
each otherprincipally by theirphysical properties. 
Braunite, see§183; Hausmannite, see § 181 ; Psilo- 
melane, see § 183; Pyrolusite, see § 180; Frank- 
linite, some varieties, see § 186; Manganite= 
Mn'O', HO, Color steel-gray to iron-black; streak 
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dark reddish-brown; hardoess 3 — i; yields water 
in a matrass. 
Division 2. Healed on charcoal in r eduction- jiame, become mag- 
netic. 

Hematite, see § 156, 

Franklinite, see § 186; Magnetite, see § 16t. 

TitaniferoQs iron, see § 162 ; some varieties of Rutil 
and Arkansite (see below); some varieties of 
Limonite (§ 155), and Blende (§ 212). 
Division 3. Minerals resembling those of Division 3. 

Chromic Iron, see § 127. 

Moiybdenite=MoS';&rapbite=C. Both very soft, 
hardness=1.5. Molybdenite, when heated in the 
forceps, colors the flame greenish; and gives a 
Bulphur-ro action when treated as described in 
§ 107. 

Arkansite=TiO'; Perofskite=CaO.TiO'. Both 
give the reaction for titanium as described § 111. 
Distinguished by crystalline form. 

Iridosmine, see § 153. 

Tantalite and Columbite=MnO, FeO, TaO', NbO', 
WO", SnO'; yttro-tatitalite=3{CaO.YO.FeO), 
(TaO', WO'). The color of these minerals is 
iron-black; yttro-tantalite loses its color before 
the Blp and becomes yellowish or white, that of 
the others remains unchanged. Acids affect 
them but little. Tantalite and columbite give 
the same reaction as samarskite when treated 
with hydrate of potassa, &c. (See p. 117.) 

Pitchblende. Color usually velvet-black, lastre 
greasy; partially soluble in nitric acid to a yel- 
low liquid; the solution gives a sulphur-yellow 
precipitate with ammonia. 

Group II. Minerals not possessing Metallic Lustre. 
Class I. Easily volatile or combustible. 

Native Sulphur. Completely volatile, bums with 
a blue flame and emission of sulphurous acid. 
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Eealgar, see § 119; Orpiment, see g 120. 

Arsenolito, see § 121. 

Red Antimony, see § 117; Valentinite=SbOl Color 
white; does not change color with hydrate of 
potassa; does not evolve aniphuretted hydrogen 
with hydrochloric acid. 

Sal-ammoniac=NH'Cl; Maseagnine=N^^SO'-}• 
2H0. Color white; both evolve ammooia with 
hydrate of potassa; the former is volatile with- 
out previous fusion, the latter iiitumesces. 

Cinnabar, see g 190; Calomel, see § 189. 
Class II. Fusibility 1 — 5; not, ok only pAaiiALLY, volatile. 
Part I. Givo with carbonate of soda on charcoal a metallic 
globule or a magnetic metallic mass. 
Division 1. Giue with carbonate of soda a globule of silver. 

Proustite, see § 205; Ruby Silver, see § 204; Xan- 
thocone=3AgS, AsSH2(3AgS, AsS'), behaves 
like proustite, from which it is distinguished by 
its yellow streak. 

Horn Silver, see § 199; lodyrite, see g 202. 

Selbite=AgO, CO', dissolves in nitric acid with 



Division 3. Give with carbonate of mda a globule of lead. 

The minerals of this division are all soluble in 
nitric acid ; the solution gives a copious pre- 
cipitate with sulphuric acid. 

Mimetine = PbCl + 3 {3PbO, AsO=) ; Hedyphane= 
PbCl + 3(3[PbO.CaO], [AsO^.PO']). The for- 
mer completely, the latter partially reduced to 
metallic lead with evolution of arsenical fumes, 

Pyromorphite, see § 175. 

Minium, see § 168 ; Crocoisite, see g 177 ; Melano- 
chroite=3PbO,3CrO'. Ara!oxene=VO=, AsO', 
PfaO, ZnO. Crocoiaite and meJanochroite give 
the chromium-reaction (§ 67). The latter three, 
on being boiled with hydrochloric acid, give an 
emeraid-green solution ; on adding alcohol to the 
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liquid, concentrating by heat, pouring off from 
the residue, and then adding water : the liquid 
asaumeB a sky-blue color if the mineral waa 
arteoxene. 

Linarite=PbO.SO'+CuO.HO is characterized by 
its deep azure-blue color. 

Cerusite, see § 1T3; Cerasine, see § 171; Lead- 
hiilite, see § ITS; Lanarkite = PbO.CO'-J-PbO. 
SO'. All soluble in nitric acid with effervea- 
cence ; leadhillite and lanarkite leave an insolu- 
ble residue of sulphate of lead. The solution of 
cerasine gives with nitrate of silver a precipitate 
of chloride of silver. 

Mendipite=PbCl-j-3PbO ; Matloebite=PbCI-f Pb 
0. Dissolve in nitric acid without effervescence ; 
the solution gives a precipitate with nitrate of 
silver. 

Anglesite, see § 1T4. 

Wu]tenite,see§129. 

Schee]etine=PbO,'WO'. Color yellow, yellowish- 
brown, lustre- resinous. Soluble in abundant 
quantity of hydrochloric a«id, leaving a yellowish- 
green residue (WO'). With sulphuric acid the 
pulverized mineral assumes a bright lemon- 
yellow color. 

Tauquelinite, see § 1T8 ; Vanadinite==3 PbO, V0» 
withPb01-f2PbO. Color of the former blackish- 
green, olive-green; of the latter brown, yeUowish. 
Both impart to the borax-bead an emerald-green 
color. Both are soluble in nitric acid ; the solu- 
tion of vanadinite is yellow and gives a precipi- 
tate with nitrate of silver. That of vauquelinito 
not. 
Jhvision 3. WJien moistened with hydrochloric acid, color the 
Jlame blue ; and give with nitric acid a solvtion 
which, on addition of an excess of a 
sumes an azure-blue color. 
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Section 1. Give on charcoal a strong arse&ical odor. 

OllTenite, see § 147. 

Tyrolite, see § 148 ; Cha]copbyl]ite=8CuO,AsO^+ 
S3H0. Color green. Both decrepitate violently 
and yield much water ; chaJcophyllite dissolves 
in ammonia without leaving a residue. 

Li^oeoMte=AsO^PO^C^O,A10^HO. Color sky- 
blue. Does not decrepitate ; loses 92 per cent, 
of water on ignition. 

ETichroito=40uO.AeO=+':HO; Erin;te = 5CuO. 
AbO>+2HO. Color of both emerald-green. The 
former loses by ignition lej per cent, of water, 
the latter only 5 per cent. 
Section 2, Do not give an arsenical odor on charcoal. 

Atakamitc, see § 141. 

Cyanosite, see g 145; BrochantJtc = 30uO.SO= + 
3H0; CoTelline=CuS. These three minerals 
give a sulphur-reaction (§ 107) ; cyanosite is solu- 
ble in water, the other two not Color of covel- 
line dark indigo-blue, of brochantite emerald- 
green. 

Red Copper, see § 142 ; Mel aconite =CiiO ; Teno- 
rite=CuO. The color of the latter two is dark 
Steel-gray to hlaick. All three dissolve readily 
in adds without effervescence (except impure 
varieties of melaconite). 

Malachite, see § U3 ; Azurite, see § 144 ; Mysorin 
= CuO.COl Color blackish-brown; does not 
yield water in a matrass. All three dissolve 
readily in acids with effervescence. 

Phosphocalcite, see g 14(1 ; Libetbenite^iCuO.PO" 
+H0; Ehlite=5CuO.PO'-J-3HO; Tagilite=4 
CuO.PO*-f-3HO. Are all readily soluble in 
nitric acid without effervescence; the (slightly 
afiid) solution gives a precipitate with acetate 
of lead. Phosphocalcite loses 14 per cent, of 
water on ignition, the others less (from T — lOi). 
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Libethenite is dark olive-green ; ehlite and ti^i- 
lite emerald-green. 

Chalco!ite=3CuO, PO' + 2(U'0', PO") -|- 34 HO. 
Color emerald-^reen. Dissolves in nitric acid to 
a yellowish-green liquid; on addition of ammonia 
in escess, a biuish-green precipitate is formed, 
the supernatant liquid being blue. 
Division 4. Impart to the horax-bead a blue color. 

Erythrine, see § 131 ; Annaborgite, see g 196. 
Division 5. When fused on charcoal in reduction-fiame, give a 
black metallic magnetic mass. 

To observe well the magnetic character of the fused 
mineral, it is advisable to expose a pretty large 
assay-piece to the action of the reduction-flame. 
Section 1. Evolve a strong arsenical odor on being fused. 

Scorodite, see § Ififi ; Pitticite=Fe=0', AsO=-f-HO ; 
Beudantite=3 i'eO.AsO=-f 3 Fe'O', 2 AsO^+18 
HO. The pulverized minerals assume with hy- 
drate of potaasa a reddish-brown color, Scoro- 
dite and beudaiitite occur crystallized ; pitticite 
massive, reniform. 

Arseniosiderite = 5CaO,AaO'-f3(2FeO,AsO')4-ll 
HO. Color yell owiah-browQ ; fibrous; lustrcsilky. 

Pyromeline=NiO, SO', HO, AsO=. Partly soluble 



Q water ; the soluti 
addition of ammon: 
Section 2. Soluble in hydrochlori 



I blue color on 



id without leaving a per- 
ceptible residue, and without gelatinizing. 

Green Vitriol, see § 164; Botryogen=3I'eO, 2S0' 
-f 3(PeW,2SO')+36HO. Are soluble in water; 
botryogen leaves an ochreous residue. A similar 
behavior show Copiapite=2Fc'0', 5SO'4-18HO 
(color yellow), and Coquimbite=Fe=0', 3S0"-f 
9H0, color white, 

Spathic Iron, see § 163. 

Hureaulite=3(5MnO,2PO^)+5FeO,2PO'-J-30HO; 
Triplite=4MnO.PO'4-4FeO.PO^ Fuse readily; 
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moistened with sulphuric acid give the phos- 
phoric acid reaction {§ 35) ; with borax strong 
manganese-reaetioE ; hureaalite yields much 
water, triplitc none or very little. 

Triphiline=3 LiO, PO' + 6(3[FeO, MnO], PO^ 
shows a similar behavior ; the manganese-reac- 
tion is less decided. On dissolving the mineral 
in hydrochloric acid, evaporating the solution to 
dryness, adding alcohol, heating the alcohol to 
ebullition and burning the vapor, the flame as- 
sumes a purple color. 

Vivianite, see § 165; Anglarite=4 FeO.POH^HO ; 
Dufremte=2 Fe'0'.P0'-f-3i HO; Cacoxene=3 
FeO.POH13HO. Fuse readily and behave 
with sulphuric a«id like the preceding ; give no 
manganese-reaction. Yield much water in a 
matrass : cacoxene 33 per cent. ; vivianite 28 per 
cent.; anglarite 16 per cent.; dufrenite 8^ per 
cent. Color of anglarite bluish-gray ; of dufrenite 
leek-green ; of cacoxene ochre-yellow. 

Hematite, see § 156. 
Section 3. With hydrochloric aoid form a jelly, or are readily 
decomposed with separation of silica. 

Cronstedtite = 3 (FeO. MnO. MgO), SiO^ -!- FeW, 
3E0. Color black; streak dark leek-green; 
yields water; gelatinizes with hydrochloric acid. 

Lievrite=3{3[FeO, CaO], SiO')+2(APO>, Fe'O'), 
SiO"; Allanite=3(CeO, CaO), SiOH 2([Pe'0', 
Al'O'], SiO'). Yield no water, or only a trace; 
gelatinize with hydrochloric acid ; allanite fuses 
with intumescence to a voluminous brownish or 
blackish glass; lievrite intumesces but slightly, 
decrepitates and fuses to an iron-black bead. 
Hardness of allanitfl=6, of lievrite ^5^ 6. 
Pyrosmalite=Fe'CP+Fe'0',6HO-)-4([3FeO,2S!0'] 
-f [3 MnO, 2 SiO']). Does not gelatinize; fusi- 
bility=3; gives the chlorine-reaction (§ 65). 
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AlIochmtc[lime-iron-garnet]=3CaO,SiOHre'0', 
SiO". Gelatinizes imperfectly; fuses readily; dis- 
tinguished from the preceding by absence of 
cleavage, 

Hiaingerite=(3FeO,Fe=0>), SiO'+xHO; Xylotile 
[a variety of serpentine]. Fuse with difficulty ; 
do not gelatinize. The former is black, amor- 
phous; the latter brown, fibrous, woody. Both 
yield water in a matrass. 

Some impure varieties of Limonite, see § 155. 
Section 4. But little affected by acids. 

CroeidoIite=3{NaO,MgO),4SiO'+3(3FcO,2SiO=) 
■f sEO ; Arfveasonite=XaO,SiO'+3FeO,2SiO'. 
Fusibility=1.7 — 2. Colorofcrocidolite lavender- 
blue or leek-green, fibrous, yields water in a mat- 
rasa; arfvedsonite is black and yields no water. 

[See also Hornblende and Tourmaline, below, some 
varieties of which become slightly magnetic after 
fusion.] 

Green Earth [a variety of pyroxene]. Fusibility 
^3; color celandine-green; hardness^l; earthy. 

Acmite=NaO.SiO'+Pe'0',2SiO'; Hedenbergite [a 
black pyroxene]=3Ca0.2SiO'+3Fe0.2SiO'. Fu- 
sibility of the former=2, of the !atter=2.6; form 
a black lustrous slag. Both are cloavable. 

Almandine[iron-garnet]=3FeO.SiO'-fAPO'.SiO'. 
Fusibility= 3 ; hardness= 7 — 7-5. Color red, red- 
dish-brown. Not cleavable. 

Ehodonit«, some varieties; see below. 

Lepidolite, some varieties; see below, 
Divvsion 6. Not belonging to either of the preceding divisions. 

Molybdine=MoO'. Color sulphur-yellow; earthy. 
Gives with the fluxes the reactions of molybdic 
acid. Dissolves readily in hydrochloric acid; 
the solution is colorless, but turns blue on being 
stirred with an iron spatula. 

Eulytine=3 BiO', 3 SiO- with some phosphate and 
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fluoride of iron. Gelatinizes with hydrochloric 
acid. On charcoa] yields a globule of metallic 
bismuth. 

Bismutite, see § 124. 
Part II. With carbonate of soda on cliarcoal, give no metallic 
globule or magnetic metallic mass. 
Division 1. After /union and continued heating on charcoal or 
in the forceps, have an alkaline reaction, and 
change to blue the color of a moistened red lit- 
mus-paper. 
Section 1. Eeadily and completely soluble in wat«r. 

Nitrc=KO.NO^; Nitratine=NaO.NO=. Deflagrate 
vividly on burning coala. Fused on platina wire, 
the former colors the flames bluish with a red 
tint; the latter bright-yellow. 

Natron=NaO.CO'+10HO; TroTia=2Na0.3CO'-f- 
4H0. The watery solution has an alkaline reac- 
tion, and effervesces on addition of hydrochloric 

Glauber Salt^NaO. SO'+IOHO; Tbenardite= 
H"aO,SO'; Glaserite=KO.SO'; Epsomite=MgO. 
SO'+7HO;rotashAlum=KO.SOHAPO\3SO' 
+ 24HO. The watery solutions of these min- 
erals give a copious precipitate with chloride of 
barium ; the solution of potash alum and epsomite 
are precipitated by carbonate of potassa [distin- 
guished by reaction with solution of cobalt, 1 44] ; 
the concentrated solution of glaserite gives a 
precipitate with bichloride of platina; glauber 
salt yields much water, tbenardite none. 

Common Sa]t=NaCl. The watery solution gives 
a copious precipitate with nitrate of silver. 
Gives also the reactions for chlorine described 
§§ 65, 66. 

Boras=XaO.2BO'+10HO. Gives the reaction 
for boracic acid, | 60. 
Section 2. Insoluble in water, or soluble with diEBculty. 
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Gay.Lus8ite=CaO.COHNaO.CO=+fiHO;'Whith 
erite=BaO.CO', Dissolve in dilute hydrochloric 
acid with effervesceace ; the former yields water, 
the latter not, 

Anhydrite=CaO.SO=; Gypsum=CaO.SO'+2HO; 
Polyhalite = KO.SO' +MgO.SO»4- SCCaO-SO") 
+ 2II0 ; Glauberite = NaO.SO' + CaO.SO'. 
Soluble in much hydrochloric acid ; in the solution 
chloride of barium gives a precipitate. Gypsum 
yields much water, polyhalite littSe, the rest 
none; anhydrite is distinguished by superior 
hardnesses. 5; polyhalite is distinguished from 
glanberito by its solution giving a yellow pre- 
cipitate with bichloride of platina. 

Barytes=BaO.SO'; Celestine=SrO.SO'. Insoluble 
in hydrochloric acid ; give a sulphur reaction 
when treated as described § 107. Celestine 
colors the flame red, § 34 ; barytes yellowish- 
green, g 35. 

Fluor=CaF; Cryolite=3NaF+Al'F»; Pharma- 
colite=2CaO.AsO=-f 6H0. Do not effervesce 
with acids, and give no sulphur reaction. 
Pharmaeolite evolves arsenical odor on charcoal; 
the other two give fluorine reaction, § 16. Fusi- 
bility of fluor=3, of cryolite=l. 

Chiolite=3XaF+2APP', behaves like cryolite; 
occurs only massive granular; white cryolite is 
distinctly crystalline and eleavable in 3 directions. 
Division 2. Soluble in hydrochloric acid without leaving a per- 
ceptible residue; some also soluble in water; 
not gelatinizing. 

Ammonia Alum = NH'O. SO" + APO'. 3S0= + 
24HO; Go9larite=ZnO.SO'-)-7HO. Bothsoluble 
in water; give sulphur reaction, § 107. Heated 
on charcoal and treated with solution of cobalt, 
the former assumes a blue, the latter a green, 
color, §§ 44, 45. 
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SaaBoIin=BO',3HO ; Boracito=3MgO,4BO' ; Hy- 
droboracite=3(CaO.MgO),4BOH18HO. Give 
the boracic acid reaction, § 60. Sassoliu is 
soluble in alcohol, the others aot ; boracite yields 
no water, while the others do. 

Manganblende and Hauerite giye strong manga- 
nese reaction; see p. 115. 

W3gnerite=MgF+3MgO.PO=; Apatite=3{3CaO. 
PO0+Ca(Cl,F). Moistened with sulphuric acid, 
impart a pale bluish-green color to the flame. 
Fusibility of wagnerite= 3—3.5 (with intumes- 
cence); of apatite=5 {without intumescence); 
wagnerite is soluble in dilute sulphuric acid ; 
apatite not. 

Amblygonite = LiO, NaO, APO', PO', F. Fusi- 
bility ^=2; hardaess=6. With difficulty soluble 
in concentrated sulphuric or hydrochloric acid. 

TJranite = 3CaO.PO= + 3(3TJ'0'.PO=) + 24RO. 
Fuses readily, yields water, and gives with 
fluxes the reactions of sesquioxide of uraniitm. 
See Table 11. 
Division 3. Soluble in hydrochloric acid, forming a perfect 
jelly. 
Section 1. Give water in a matrass. 

Datholite = 3(CaO.BO') + 3Ca0.4SiO' + 3H0. 
Yields but little water, and gives the boracic 
acid reaction, § 60. 

Natrolite=NaO.SiO»-f-A]W.SiO'+2HO. Fusi- 
bility=2, does not intumesce; hardness=5 — 5.5. 

Scolecite=CaO.SiO'-fAI^O'.SiO'+3HO;Laumon- 
tite = 3CaO. 2810* + 3(AP0'. 2SiO') + 12nO. 
Seolecite, on being heated, curls up like a worm 
and finally melts to a bulky, shining slag, which 
in the inner flame becomes a vesicular slightly 
translucent bead; hardness^5.5. Laumontite 
intumesces and fuses to a white translucent 
enamel ; 
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Nearly related to scolecite and showing a similar 
behavior, are Mesolite and Thomson ite. 

Phillipsite = (CaO,KO),SiO'+ ATO'.SiO> + 5HO, 
Fusibility^S, with slight intumescence; occurs 
usually in twin crystals. 
, Giving only traces or no water in a matrass. 

HeMn=MnO, MnS + 2 (MnO. BeO. reO),SiO'-, 
Tephroite=3MnO.SiO'. Distinguished from the 
other minerals of this section by giving man- 
ganese-reactions. Color of helvin wax-yellow, 
hardness=6 — 6.5; of tephroite ash-gray, hard- 
ness =5. 5 — 6. 

Hauyne and Lapis LasuH=SiO',ATO', CaO, KO, 
SO',S, are of azure-blue color; give sulphur-reac- 
tion, § 101. Fusibility of the formor=4.5, of 
thelattcr=3. 

Nosean and Skolopsite= SiO', Al^O", CaO, NaO, 
SO', of gray or brownish color; give sulphur- 
reaction, § lOT. Fusibility of iiosean=4.5; of 
skolopsite=3 (with intumescence like idocrase). 

Sodalite = NaCl + 3 NaO. SiO=+ 3 ( AJ'O', SiO») ; 
Budialytc=SiO', ZrO', CaO, NaO, FeO, CI, give 
the chlorine-reaction, | 65. The formor fusea 
to a transparent colorless glass, the latter to a 
grayish-green scoria or opaque glass, 

Wollastonite= 30aO, SiO°. The hydrochloric acid 
solution gives no, or only a very slight, precipi- 
tate with ammonia. 

Eukolite=SiO^, NbO^ Zr'O', CaO, NaO. By 
boiling the hydrochloric acid solution with tin, 
it assumes a fine blue color on reaching a certain 
degree of concentration. See also WShlerite. 

Nephe!inc=2 (NaO.KO), SiO' + 2 (AFC, SiO'); 
Meionite=30aO. SiO'+2 (Al'O', SiO'); Melli- 
lite = 2 (3 [CaO. MgO.NaO], SiO=) + (AiW. 
Pe°0'), SiO'. The hydrochloric acid solution is 
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precipitated by ammonia. Meionite fuses with 
intumescence, the others quietly. 
Division i. Soluble in hydrochloric acid with separation of 
silica, without forming a perfect jelly. (It is 
sometimes necessary to treat the finely pulverized 
mineral with concentrated acid.) 
Section 1. Giving water in a matrass. 

Apophyllite=K0.2SiO''+8(CaO.SiO') + 16IIO; 
Pecto]ite= 3([NaO. KO]. SiO') + 4(3CaO. 2SiO') 
+ 3 HO; Okenite = 3CaO,4SiO' + 6HO. The 
silica separates in the shape of gelatinous lumps. 
The hydrochloric acid solution gives no, or only 
a slight, precipitate with ammonia. Pectolite 
yields but little water, the others much. Fusi- 
bility of apophyl!ite=1.5, forming a white ve- 
sicular glass; of okenite=2.6— 3, forming a 
porcelain-like mass. 
Aiialcime=3 NaO.SSiO'. + 3(Ara=,2SiO')-)-6HO. 
Gelatinizes like the preceding; in the acid solu- 
tion ammonia produces a copious precipitate. 
Pyrosclerite=CAI'OlCr=O0,SiOV2(3[MgO.Pe]), 
SiO' -F li HO ; Chonikrite =3 AFC, SiO' + 3(3 
CMgO.CaO.PeO],giO').feHO,are distinguished 
from the other minerals of this section by their 
inferior hardne8S= 2.5—3. The former gives 
with fluxes the reactions of oxide of chromium 
§g 67 and 68. 
Browsterite = (SrO.BaO),SiO'-f-APO',3SiO'+ 
5H0; characterized by its hydrochloric acid 
solution giving a precipitate with sulphuric acid 
Stilbite=CaO,SiO'+AlW3SiO=-^5HOiChabazite 
= 3(CaO.NaO),2SiO' -|- 3(ATO'.2SiO') + 18H0 ■ 
Prehnite=2CaO.SiO'-fAl=0'.SiO' + HO. Fuse 
with intumescence to enameJ-like masses. Preh- 
nite yields but little water, losing by ignition 
only 4.3 per cent.; the others lose from 15 to 20 
per cent. 
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Meerschaum, see below; Deweylite=2MgO.SiO'+ 

SHO. Distinguished by being much lees fusible 

than the preceding (fu3ibility=5); the former 

absorbs water with great avidity, the latter not. 

Section 3. Giving only traces or no water in a matrass. 

Tachylyte=3(FeO.CaO.NaO), SSiO'+Al'O', SiO'. 
Fuses readily to a black shining glass. Hard- 
ness=6.5; color black. 

Scapolite=3(CaO.N"aO),SiOH3(APO'.SiO0. Col- 
or light HardnesB=5 — 5.5. Fuses with intu- 
mescence to a white, vesicular glass. 

Wohlerite=SiO^NbO^Zr'O^CaO,NaO. Fusibility 
^3, forming a yellowish enamel. The hydro- 
chloric acid solution gives the same reaction as 
eukolite, 

Labradorite=CCaO.NaO), SiO'+Al'0».8iO»; An- 
orthite=3CaO,SiOH 3(APO',SiO=). Fusibility 
=3 — i, without intumescence, forming a color- 
less glass; hardness of the former=6, of the 
latter=6— 1. Cleavage perfect. 

Lime Garnet (some varieties)=3CaO,SiO'+Al'0', 
SiO'. Pusibilityi=3; not eleavable. 

Sphene, some varieties, see below. Gives titanium- 
reactions, g 111, 
Division 5. LiUle affected by hydrochloric acid ; give wUh Jluxes 
the manganese-reactions. 

Carpholite=SiO',ArO',PeO,MnO,Fe=0',HO. Oc- 
curs only in radiated and stellated tufts. Color 
straw-yellow ; siJky. Yields water. 

Manganese Garnet=3MnO.SiO"+Al'OlSiO=. Col- 
or brown isb -red ; fuses without intumescence; 
not eleavable. 

Epidote (some varieties) =3CaO, SiO^-)-2([ArO'. 
Mn'O^Fe=0'J,SiO'). Fusibility=2— 2,5, intu- 
mesces. Cleavable. Color cherry-red to reddish- 
black. 

Ehodon!te=3MnO,2SiO'. Fusibility =3, without 
intumescence. Color rose-red ; cleavable. 
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Division 6. Not belonging to either of the preceding diuisions. 

Seiieelite=CaO,WO'. Fiisibaity=5. Soluble in 
hydrochloric acid, leaving a residue of tungstic 
acid, which is soluble in ammonia, and which 
gives with SPh the characteristic reaction of 
tungstic acid ; see Table II. 
Lepidolite=KO, LiO, F, Al'O', SiO' ; Euphyllite= 
SiO', A1=0^ CaO, HO ; Margaritc = SiO', APO^ 
OaO, HO. Ftisibilityof ]epidolite=2; givesthe 
lithiarreaction, § 89. Fuaibility of euphyilite=i 
4.5, of niargarite=4. Color of euphyllitfl white 
to colorless ; of margaiite grayish, reddish- white, 
yellowish. All three possess perfect cleavage. 
Petaiite=3(LiO.NaO),2SiO=-|-4(AlW,3SiO=); 
Spodamene = 3(LiO.NaO), 2SiO' + iCAl'O", 
28iO'), do not possess as perfect a cleavage as 
the preceding, and greater hardness ; hardness 
ofpetalite=6 — 6.5,of spodumeae=6.5 — T. Both 
give the lithia-reaction, § 89. Spodumene fuses 
with intumescence to a glassy globule ; petalite 
fuses to a white enamel. 
Diallage = 3 (CaO.MgO), 2SiO». Fusibility = 3.5 ; 
characterized byitspearlymetallie lustre; cleaves 
easily in one direction. 
Harmotome= BaO, SiO'4- ATO=,2SiOH 5H0. Dis- 
tinguished from the other minerals of this di- 
vision by yielding water in a matrass. Occurs 
usually in twin crystals. 
Axinit«=SiO',AW,OaO,PeO,MnO,BO=; Tourma- 
line=SiO',APO^PeO,K:0,NaO,LiO,BO^ Give 
the reaction of boracic acid, § ei. Axinite fuses 
readily with intumescence to a dark-green glass. 
Different varieties of tourmaline show different 
fusibility. Hardness of axijiite=6.5— , of tour- 
maline= 7-^7.5. 
Diopside (white augite) = 3CaO,2SiO'-f 3MgO, 
2SiO' ; Augite = 3CaO, 2SiO' + 3(MgO. FeO), 
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28iO'. Hardness=e ; diopside fuses fo a whitish, 
augite to a black glass. Color of augite black 
or dark-green ; of diopside pale-green or gray, 
or colorless. 

Treinolite = CaO.SiO'+3Mg0.2SiO'; Hornblende 
=CaO.SiO'-f3(MgO.FeO),2SiO=. Hardness= 
5.5 ; fu8ibility=3 — i. Tremolite fuses to a white 
or lightcolored glass, hornblende to a black oi 
gray glass ; the former is colorlesa or white, or 
of ]ight green, yellow, or gray color ; hornblende 
is green or black. 

Sphene=2(CaO,8iO')-|-CaO,3TiO^ Fu9ibility=3. 
Hardness=5 — 5.5. Gives the titanium-reaction, 
g 111. Imperfectly soluble in hydrochloric acid. 

Orthoclase=KO.SiO'-|-Al'0»,3SiO'; Albite=NaO, 
SiO-fAPCSSiO'. Hardne99=6. Fuse with- 
out intumescenco ; fusibUity of orthoclase=5, of 
albite=4 ; the latter colors the flame yellow. 
N^ot soluble in acids. "With solution of cobalt 
become blue on the edges, § 44. 

Zoisite=3CaO.SiO'+2(Al=0',SiO');Epidote=CaO, 
SiO'+2([ATO'.FB'0'], SiO'). Hardness = 6.5. 
Fusibility =3 — 3,5; fuse with intumescence, 
zoisite to a white or yellowish slag, epidote to a 
black or dark-brown slag. Color of zoisite gray, 
yellowish-gray, grayish-white ; of epidote green. 

Lime Garnet=3CaO,SiO'^- Al'OSSiO' ; Idocrase= 
3CaO,SiO=+(Fe'0».A?0',SiO' ; Pyrope={MgO. 
FeO. CaO),SiOH ( AI'O'. Cr'OO, SiO'. Hardness 
=6.5 — 1.5. Fusibilityof lime garnet and idocrase 
=3,of pyrope=4.5. Idocrase possesses cleavage, 
the others not. Pyrope gives with the fluxes the 
chromium-re actions. 

(See, also, emerald, euclase, ioHt-e, biotite, and mus- 

covite,) 
Obsidian, Pitchstone, Pearlstone, and Pumice= 
8iO',ATO',NaO,KO,HO, are amorphous, Fusi- 
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bility^3.5 — i.fuse with intumescence toporeelain- 
like masses, or white vesicular glasses. Lustre 
of obsidian glassy, of pitchstoue greasy, of pearl- 
stone pearly ; pumice is characterized by its po- 
rosity. 
Class III. Infusible, ob FtrsiBiLiiT above 5, 

Divisiou 1. After ignition moistened with solution of cobalt and 
again ignited, assume a bright-blue color. 

_With the hard, anhydrous minerals of this division^ 
the color is best seen by reducing the substance 
to a fine powder and moistening this with the 
solution of cobalt. The color appears only after 
cooling. 
Section 1 Giving much water in a matrass. 

Alunite=SO',Al=0", KO,HO ; ■Websterite=AlW, 
8iO' + 9H0. Give a sulphur-reaction, | lOT. 
Websterite is readily soluble in hydrochloric 
acid ; alunite not visibly affected. 

(See, also, ammonia alum, and potash alum.) 

Plumbo-Kesinite, see § 116. 

Calamine, see § 214. 

Wavellite = 4A1^0', 3P0' + 18H0 ; Gibbsite = 
ATO',PO'' + 8H0; Peganite= 2ATO',PO» + 6 
HO; rischerlte=2AlW,POH2HO. Soluble to 
a great estent in hydrate of potasaa. Give the 
reactions of phosphoric acid, §g 94 and 95. The 
former two occur usually in globular concretions 
of radiated structure, the Utter two minutely 
crystalline. Peganite loses An ignition 24 per 
cent, of water, wavellite 27, Sseherite 29, gibb- 
site, 35, 

Diaapore = APO', HO ; Clintonite = SiO», Al'O', 
CaO, MgO, HO. Diaspore ia but slightly sol- 
uble in hydrate of potassa ; clintonite insoluble ; 
the former loses on ignition 11^ per cent, of 
water, the latter 4^. Hardness of djaflpiwe= 
6.5 — 7; of clintonite=4 — 5 
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A!lophanc=3 AFO', 2 SiO'+15HO; Halloysito 
=3 APO', 4SiO'+12HO; Ochraii=A1^0', SiO' 
+ 6H0; Collyrite=3AlW, 8iO'+16HO. De- 
composed by hydrochloric acid with separation 
of gelatinous silica. Hardness of allophane=3, 
of the others^ 1 — 3. Halloysite loses on igni- 
tion 16 per cent, of water, ochran 21, collyrite 33^. 

Pholerite=AFO', SiO=-f 2H0 ; Cimolite=Al=0', 
SSiOHSHO ; Kaolin=3A?0^ 4SiO=-^6HO and 
2AI'0=,3SiO=-f 6H0 ; are all very soft and earthy, 
and but little affected by acids ; lose on ignition 
from 12 to 16 per cent, of water. Nearly related 
to these minerals are the various varieties of 
common clay, some varieties of lithomarge (with 
14 percent, of water), and bole with 24 — 26 per 
cent, of water ; the clays become plastic with 
water, the latter two not. 
. Giving little or no water in a matrass. 

Lazulite=PO^ A1'0=, MgO, PeO, HO. Gives the 
reaction of phosphoric acid, § 143 '' Heated, loses 
its blue color and becomes white. Not affected 
by acids. 

Willemite=3ZnO, SiO'. With solution of cobalt 
(§ 44) becomes blue, and green in spots. Gela- 
tinizes with hydrochloric acid. 

Myelin=2(Ara', SiO')+HO ; Agalmatolite=SiO', 
AlW, KO, HO ; Pyrophyllite=3MgO, 2SiO'-|- 
9 (APO', SiO')-|- 9H0. Are very soft, hardness= 
1 — 2. Pyrophyllite is foliated like talc ; before 
the Blp swells up and spreads out into fan-like 
shapes, increasing to about 30 times its former 
bulk. The others do not change before the Blp. 
Myelin is partially decomposed by hydrochloric 
acid ; agalmatolite not affected. 

Muscovite^KO, SiO'-|-4(APO', SiO'). Cleavage 
eminent in one direction; folia elastic. Does 
not swell perceptibly before the Blp, fusible in 
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very thin laminfe. Not aifected by acids. Hard- 
ness =2. 5. 

Disterrite (variety of cliatonite), cleavable ia oae 
direction. Hai'dneBS=:4 — 5. Decomposed by 
concentrated sulpiiurie acid. 

Aiidalusite=4AIW,3SiO';Kyanite=3A]'0',2SiO'; 
are but little affected by acids. Kyanite occurs 
generally in bladed crystallizations ; hardness= 
6 — 7. Hardness of andalusit«=7.5, but variety 
chiastolite varies in hardness from 3 to 7.5. 

Topaz=3 A]T>+ 5( APO^SiO") ; Lithia Tourmaline 
=SiO', BC, AlW, MnO, LiO, EO. Not affected 
by acids. Not completely soluble in SPh, the 
glass becomes opalescent on cooling. Topaz on 
being ignited remains transparent and does not 
swell ; tourmaline becomes white aad swells. 
Topaz is cleavable in one direction. Hardness 
=8 ; tourmaline is not cleavable, hardness^ G. 5. 

Corundum (sapphire)=APO'; ChTysDbery]=BeO, 
Al'O*. Not affected by acids. When pulverized, 
slowly but completely soluble ia SPh ; the glass 
does not opalesce on cooling. Hardness of 
chrysoberyl= 8.5, of corunduna=9 ; color of the 
former usually green, of the latter blue, red, 
yellow, brown. 

(Some varieties of Spinel and Leucite assume a 
blue color with solution of cobalt.) 
IKvimon 2. Moistened w'th solution of cobalt and ignited, assume 
a green color. 

It is sufficient to heat to redness. The minerals of 
this division give a coating of oxide of ziac oil 
charcoal, § 25. 

Smithsonitc, sco g 213. 

ZincBloom=(ZnO,COHH0)+2(ZnO,H0). Dis- 
solves readily in hydrochloric acid with efferves- 
cence; the solution gives with ammonia a white 
precipitate, soluble in an excess of tho reagent. 
Yields water in a matrass. 
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Willemite=3ZaO,SiO'; CaJamine, see g 214. Gela- 
tinize with hydrocliloric acid. Calamine yields 
water, willemite not. _'With solution of cobalt 
assume a green color only in spots. 

(See also Blende and Goslarite.) 
. After ignition have, an alkaline reaction, and change 
into blue the color of a moistened red titmun- 
paper. 

Bracite=MgO, HO; Hydromagnesite=MgO,lHO 
-f 3(MgO,CO'). Yield much water in a matrass, 
unlike the other minerals of this division. Bri>- 
cite dissolves in hydrochloric acid without effor- 
rescence, hydromagnesite with effervescence; the 
concentrated solutions are not precipitated by 
sulphuric acid. Laneasterite is a mixture of 
hrueite and hydromagnesite. Nemalito is a, 
fibrous variety of brucite, of silky lustre, 

Caleite=CaO. CO'; Arragonite= CaO. CO'. Dis- 
solve readily and with effervescence in dilute 
cold hydrochloric acid; the concentrated (but 
not the dilute) solution gives a precipitate with 
sulphuric acid. Arragonite falls to powder 
before the Blp, calcite not. 

Dolomite = MgO. C0= -f CaO. CO' ; Magnesite= 
MgO. CO". Do not, or but slightly, effervesce 
with cold dilute hydrochloric acid, but dissolve 
readily on application of heat. The concentrated 
solution of the former gives a precipitate with 
sulphuric acid, that of the latter not. 

A similar behavior shows the Breunnorite=(MgO, 
FeO. MnO), CO', which on ignition becomes 
black and slightly magnetic; and some varieties 
of Chalybite, see g 163, and Diallogite, see § 185. 

8trontianite=SrO.CO^;Barytoca]cite=BaO.CO'+ 
CaO. CO'. Dissolve with effervescence in dilute 
hydrochioric aeid; the solution, even if largely 
diluted with water, gives a precipitate with sul- 
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phurio acid. Strontianite colors the flame red, 
§ 34; barj-tocalcite yellowish-greea, § 35. 
(See also Yttrocerite.) 
Division i. Completely soluble, or nearly so, in hydrochloric or 
nitric acid vdthout gelalinizing or leaving a per- 
ceptible residue of silica. 
Chalybite, see § 163; Breunnerite, see preceding 
division; Diallogite, see § 185; Emerald Nickel, 
see § 195. Dissolve in heated hydrochloric acid 
with elFervescence, 

Limonite, sec § 155; G6thite=Fe'0=,H0. Become 
black and magneticin reduction flame. Dissolve in 
hydrochloric acid without effervescence. Gbthite 
occurs crystallized and cleaves distinctly in one 
direction ; loses 10 per cent, on ignition ; limonite 
loses 14^ per cent. 

(See also Hematite which in some varieties is 
without metallic lustre; readily distinguished by 
red streak.) 

Blende, see § 312 ; Marmatite=PeS+3ZnS; Green- 
ockitc=CdS. Dissolve in hydrochloric acid with 
evolution of sulphuretted hydrogen. Give the 
sulphur-reaction, § 107. Greenockite gives on 
charcoal a coating of oxide of cadmium, § 24, the 
others of oxide of zinc, g 25. Marmatite gives 
after calcination with the fluxes the reactions 
of iron. 

Wad, see g 184 ; Zincite, see § 211. 

Earthy Cobalt, see § 133. Some varieties are 
fnsible. 

Pitchblende = TJO.TJ^O' ; Zippeite = U'O' + xHO. 
Give with the fluxes the reactions of sesquioxide 
of uranium [Table II]. Give with nitric acid a 
yellow solution in which ammonia produces a 
sulphur-yellow precipitate. Pitchblende is black, 
zippeite yellow. 

Chrome Ochre=Cr'0". Gives with fluxes the 
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reactions of sesquioxide of chromium [Table 11]. 
Forms witb hydrate of potasea a green solution, 

Turquoia=PO',A1^0',H;0,CuO. Color sky-blue 
and green. Gives the copper-reaction, § H. 
Yields much water in a matrass. 

Apatite=3(3CaO. PO'} + Ca (CI, F). Gives the 
phosphoric acid reaction, | 94. Fusibility =5. 
Soluble in nitric acid. Gives the fluorine-reac- 
tion, § 16 {always ?) 

Monazite=PO=,CoO,LaO,ThO. Infusible. Gives 
the phosphoric acid reaction, § 94. Soluble in 
hydrochloric acid. Minute tabular crystals of 
reddish-brown color. 

Childremte=PO^ATO^FeO,MnO,H0. Gives the 
phosphoric acid reaction, § 94. With the fluxes 
gives tbe reaction of iron and manganese. In 
hydrochloric acid soluble with difficulty. Yields 
much water. 

PoIyc^ase=TiO^NbO^Zr^O',FeW,Ce'O^TIW, &e. 
Decrepitates, but infusible. Color black. On 
fusing the pulverized mineral with hydrate of 
potassa, boiling the fused mass with hydrochloric 
acid, filtering, and boiling the filtrate with tin- 
foil, the liquid assumes'a blue color on reaching 
a certain degree of concentration ; the color dis- 
appears on addition of water. 

FIuoceritei= CeF. Gives the reactions of fluorine, 
§ 15, aod of sesquioxide of cerium, Table II. 
Yttrocerite=r,OaO,YO,Co'0', behaves similarly. 
Division 5. With hydrochloric acid form a Jelly, or are decom- 
poned mtb separation of silica without gelatin- 
izing. 
Section 1. Giving water in a matrass. 

DioptasB = 3CuO,2SiO'-f 3H0; Ohrysocolla, see 
§ 149. Behave alike before the Blp ; the former 
gelatinizes with acids, the latter not. 

Thorite=3ThO,SiO>-f 3H0 ; Ceritc=3CcO,SiO'-|- 
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3H0. Gelatinize with hydrochloric acid. Color 
«f thorite orange-yellow or black, hardness= 
4.5 — 5 ; of cerite, brown to red passing into 
gray, hardncss^5.5. 

Chloropal=Fe=0',2SiO'-f3HO. Color yellowish- 
green, amorphous, of an opal-like appearance. 
Becomes magneticby ignition; gelatinizes. Small 
pieces when thrown into a concentrated solution 
of hydrate of potassa lose the green color and 
become dark-brown. IIardness=2 — 3. 

irisingerite=FeW,SiO''-|-3HO ; Xylotile=Fe'0', 
8SiO*+3MgO,2SiO=-|-5HO. Become magnetic 
by ignition. Readily decomposed by hydro- 
chloric acid. Hiaingerite is black, imperfectly 
crystallized and cieavable in one direction ; sylo- 
tile is light or dark brown, of fibrous, woody 
structure. 

Meerschaum=MgO,SiO'+2IIO. Gelatinizes with 
hydrochloric acid ; very light ; absorbs water 
with great avidity; gives the magnesia-reaction 
with solution of cobalt, § 44. 

Schiller-Spar = 3([MgO. FeO], SiO') + 2{MgO, 3 
HO) i Chrysotile = 3MgO,2SiO= + MgO,3HO. 
Possess a metallic pearly lustre ; the former is 
massive, cleavabie ; the latter fibrous. By igni- 
tion schiller-spar becomes brown, chrysotile 
white. Both are decomposed by hydrochloric 
acid, or more readily by sulphuric acid, without 
gelatinizing. 

Serpentine=2(3MgO,2SiO')x 3(MgO,2HO). De- 
composed by concentrated hydrochloric acid 
without gelatinizing. Usually massive and com- 
pact; hardness=3 — 4; loss by ignition 12 — 13 
per cent. Of similar composition, and showing 
a similar behavior, are the following minerals, 
which, however, possess crystalline structure and 
cleavage : Picrophyll, hardness=2.5, loss by ig. 
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nition 10^ per cent. ; Pieroamine, hardness=2.T, 
loss hy ignition 9per cent. ; Marmolite, hardness 
=2.5 — 3, loss by ignition 15.7 per cent. ; K^m- 
mererite, hardiiess=1.5 — 2, loss by ignition 13 
per cent. 

(See also Cblorite and Ripidolite which are with 
difficulty decomposed by concentrated hydro- 
chloric acid.) 

Antigorite=3(MgO.FeO),2SiOHMgO,HOi Mon- 
radite=4(8[MgO.PeO],3Sio')+3HO ; Neolite= 
3MgO,2SiO'+HO, Decomposable by concen- 
trated hydrochloric acid without gelatinizing. 
Loss by ignition i — 6 per cent. Antigorite oc- 
curs in foliated maases, hardncss=2.5 ; monrar 
dite, hardnesses ; neoHte in silky iibres or mas- 
sive, hardness^=l. 

(See, also, some varieties of Cllnfonite, ] 
4—5.) 
Section 2. Giving only traces or no water i 

Gadolinite=SiO',YO,reO,OeO,Be=0=; Gehlenite'= 
2(3CaO,SiO')-|-2(ATOlFe'0'),SiO»., Gelatinize 
with hydrochloric acid, Gadolinite swells before 
the BIp into cauiiflower-like masses, and some- 
times exhibits a vivid glow ; thin splinters fusi- 
ble on the edges ; color black to blackish-green ; 
hardness=6.5 — 1. Gehlenite is also fusible in 
very thin splinters; color gray to grayish-white ; 



Chrysolite =3MgO,SiO'; Ohondrodite=2(3MgO, 
8iO')-|-MgP. Gelatinize with hydrochloric acid. 
Color of the former green, of the latter mostly 
white, yellow, or brown. Chondroditc gives the 
fluorine-reaction, § 76. 

Boltonite (avarietyof pyroxenc)=SiO',MgO,FeO, 
AI'O'. Cleavage distinct in one direction. Color 
yellow. (Sec also Clintonito.) 

Leucite = 3K0, 2S!0' -|- 3tAl'0',2SiO'}. Decom- 
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posed by hydrochlftric acid, tbe silica separating 
as a fine powder; some varieties become blue 
with solution of cobalt ; occurs usually in trape- 
zohedrons. Color grayish or white. 
Division 6. Not belonging to either of the preceding divisions. 

The remaining minerals which cannot be classed 
under any of the preceding divisions, may be 
divided according to their hardness in two sec- 
Section 1. Hardness below 1. 

Eiotite (hexagonal mica)=(AFO".Fc'0'),SiO'+3 
(MgO,KO},SiO' ; Muscovite (oblique mica)= 
K:O,SiO'+4C-A-l'O>,SiO0 ; Ta!c=6MgO,5SiO'+ 
2H0. Give little or no water in a matrass ; talc 
loses at most 5 per cent. Cleavage eminent iii 
one direction. Hardness of biotite=2.5 — 3, of 
mu9eovite=2— 2.5, of tale=l— 1.5. Eiotite ia 
decomposed by concentrated sulphuric acid, the 
others not. The lamina of biotite and musco- 
Tit« are elastic, of talc not. Soapstone or steatite 
ie a massive, usually compact variety of talc ; 
very greasy to the feel, or like soap (see also 
Pyrophyllite). 

Chlorite = 2(MgO, ATO') + 3(3[MgO, Fe], SiO') + 
6H0 ; Bipidolite = (MgO. FeO), SiO' + (A1'0=. 
Fe'0'),SiO'-f-4(MgO,HO. Loses by ignition 12 
per cent, of water. Cleavage eminent in one 
direction, laminae not elastic (chlorite often mas- 
sive granular). Hardness of chlorite=2 — 2.5, of 
ripidolite=l— 2. Decomposed by concentrated 
hydrochloric acid with continued boiling, more 
readily by sulphuric acid. Ripidolite fuses with 
difBculty (=5.5) to a grayish-yellow enamel, 
chlorite becomes black and slightly magnetic, 
A similar behavior shows the Chloritoid ; hard- 
ness=5.5 — 6. 

Bronzite (hypersthene) = SMgO, 3SiO*-f- 3(CaO- 
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FeO), 3SiO'; Anthophy!lite=FeO,SiO»+3MgO, 
2SiO'. Cleav^e of broazite very perfect in one 
direction ; anthophyllite cleaves in two directions. 
The former is of clove-brown or pinchbeck-brown 
color, with a pearly-metallic lustre ; the lustre 
of anthophyllite is much less perfect. Hard- 
neBS=5— 5.5. 

Wolframite™ WO', is soluble in hydrat« of potassa; 
the solution gives with nitric acid a yellow pre- 
cipitate which on boiling becomes lemon-yellow. 
Occurs in soft, earthy, yellow masses. 

Scheelite= OaO.WO'. Fusibility— 5 ; hardness= 
4.5 — 5. The pulverized mineral, on being boiled 
with nitric acid, leaves a lemon-yeHow residue 
of tungstic acid. Gives the reactions of tungstie 
acid [Table II]. 

Casaiteritc, see § 209. 

Anataae, Rutile, and Brookite=TiO''. Give the 
reactions of titanic acid [Table II]. On fusing 
the pulverized minerals with hydrate of potassa, 
dissolving the fused mass in hydrochloric acid 
and boiling the solution with metallic tin, it as- 
sumes a violet color, which turns to red on addi- 
tion of water. Color of anatase, various shades 
of brown passing into indigo-blue ; of rutile 
mostly brownish-red or red, sometimes yellowish 
or black ; of brookite, hair-brown, yellowish or 
reddish (variety arkansite is iron-black). Hard- 
ness of anataee=5.5 — 6; of rutile=6 — 6.5; of 
brookite=5.5 — 6. 

Aeschynite and PyTochlore=NbO',TiO',Zi-'0',Ce' 
O'.CaO, &e. Treated like the preceding with 
potassa, &c, the solution on reaching a certain 
degree of concentration assumes a ine blue color, 
which, on addition of water, does not change to 
red, but gradually disappears. Aeschynito swells 
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before the Blp and turns yellow ; pyroclilore does 
not swell and becomes grayish. 

Opal=SiO^+xHO. Before the Blp yields water 
and becomes opaque ; fuses with carbonate of 
soda to a clear bead, with effervescence. Infusi- 
ble Boiled with hydrate of potassa, it dissolves 
completely or to a great extent; the solution 
gives a gelatinous precipitate with chloride of 
ammomum Hftrdness=6 — 6,5. 

Xenotlme=3YO,PO^ Color, various shades of 
brown or flesh-red. H:ardness=4— 5. Gives the 
phosphoric acid reaction, | 94. Infusible. With 
salt of phosphorus dissolves with great difficulty 
to a colorless glass. 

[See also Childrenite and Orthoclase.] 
. Hardnees=7, or above. 

[See Caasiterite, Rutile, and Opal of the preceding 
section whose hardness sometimes approaches 7.] 

Quarta^SiO". The various varieties of quartz, as 
rock-crystal, amethyst, hornstone, flint, chalce- 
dony, &e., are infusible and unalterable before 
the Blp, and fuse with carbonate of soda to a 
transparent bead, with effervescence. Hard- 
ness=T. 

Iolit€=2 (StMgO.PeO], 2SiO') + 5(A1W, SiO^ ; 
Staurotide=2(AFO'.Fe'=0'), SiO^ HardneBs= 
T — 7.5. Do not fuse to a transparent glass with 
carbonate of soda. Fusibility of iolite=5— 5.5 ; 
coior blue, grayish. Staurotide is infusible; 
color brownish-red, brown ; ciystals often cruci- 
form. 

Beryl = 3BeO, 2SiO' + Al'O', 2SiO=; Euclase = 3 
(3BeO, Si0')-|-2A1W, SiO'; Phenacite=3BeO, 
SiO';Zircon=Zr=0',SiO'. Hardness= Y.5. Beryl 
and euclase turn milk-white with strong heat 
and become rounded on the edges; beryl crystal- 
lizes in hexagonal prisms, and possesses pretty 
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distinct basal cleavage, color usually pale-green 
or emerald-green; euclaae crystallizes in clino' 
rhombic prisms and possesses distinct cleavage 
in two directions at right angles to each other ; 
color pale mountain-green passing into blue and 
white. Phenacite and zircon do no change be- 
fore the blow-pipe, excepting that zircon becomes 
colorless ; color red, yellow, or colorless, zircon 
sometimes brown or gray; phenacite is a little 
harder (=8) than zircon. 

Ouvarovite (lime-chromo-garnet) = SCaO, SiO' -f 
Cr'O'.SiO'. Infusible. Hardness = T.5— 8. 
Gives with fluxes the chromium reactions 
[Table 11]. 

Spinel = MgO, Al^O' ; Pleonaste = (MgO. FeO), 
AlW; Gahnite=(ZnO.MgO),SiO^ Hardness^- 
1.5 — 8. Occur almost exclusively in octahedral 
crystals. Spinel and pleonaste, when pulverized, 
are soluble in salt of phosphorua; color of spinel 
red, blue, brownish ; of pleonaste black. Gahnite 
ia almost insoluble in salt of phosphorus and 
borax; color dark-green or black. Kreittonite 
is a black spinel containing zinc and iron, 
slightly magnetic before ignition. 

Diamond^C. Characterized by its hardness, which 
surpasses that of corundum. 
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-BEHAVIOE OF THE ALKALINE 
BEFORE THE 



The Hydrate fusea, boila, 
tumeaces. and is finally 
absorbed by the Ch. The 
Carbonate fuses readily to 
a transparent glass, wliich, 
on cooling, becomes enamel- 
white. In the foroepB it 
colors the outer flame yel- 
lowish-green. 



With Carbonate of Soda 



isea with Sd to a homt> 
geneous mass, which is 
aorbed by the Ch. 



2. Strontia. 
SrO. 



The Hydrate behaves like 
hydrate of Baryta, The 
Carbonate fuses only at 
the edges, and 8W"lla out 
in arboreacent rarailications 
which emit a brilliant light, 
and, when heated with the 
RFl, impart to it a reddish 
tinge ; shows after cooling 
alkaline re iction. In the 
ibroepa, colors the outer 
purple. 



Caustic Strontiais insolu- 
ble. The Carbonate, mixed 
with its own volume jf Sd. 
fuses into a limpid glas 
which becomes enamel-white 
on cooling. At a greater 
heat the mass entefs into 
ebullition, and caustic Stron- 
tia is formed, which is ab- 
sorbed by the Ch. 



Caustic Lime suffers no 
alteration. The Carbonate 
loses carbonic acid, becomea 
whiter and more luminous, 
and abows after cooling al- 
kaline reaction. In the for- 
ceps it colore the outer S 
pale-red. 



Insoluble. The Sd pi 
into the Ch, and leaves 
Lime unaltered on its 



4. MAGNEaiA. 

MgO. 



Undergoea no alterations. 
The Carbonate becomes 
caustic and luminous. 



It behaTes like Lim 



Porms an infusible c 
pound, with slight intumes- 
cence. The excess of f" " 
absorbed by the Ch. 
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BAETHS AND THE EAETHS PEOPER 
BLOW-PIPE. 



Wilh Bx on FlaHnum Wire 



The Carbonate dissolves with ef- 
fervescence to a limpid glass whiuh, 
when in a certain state of aatucation, 
may be made opaque by flaming; 
when still more saturated, it be- 
comes ogaque on cooling, even with- 
out flaming. 



Presents the same phenc 



Wiik SPh on Platinum Wire. 



Presents the s 
Baryta. 



Readily dissolved to a limpid glass, 
which becomes opaque by flaming. 
The Carbonate dissolves with effer- 
vescence. On a large addition of 
Lime the glass orystailizes on cooling, 
but does not become en am el- white. 



Soluble in large quantifiei to a 

limpid glass which, when sufficient 

Lime is present, becomes opaque 

flaming. When saturated, the 

SB becomes enamel-white on cool- 



It behaves like Lime, but does not 
crystallize so well. 



Eeadily soluble to a limpid glass, 
which becomes oijaque by flaming. 
When saturated, it becomes, on cool- 
ing, enamel-white. 



Dissolves slowly to a limpid glass, 
which remains so on cooling, and 
which cannot be made cloudy by 
flaming. A large quantity of Alu- 
mina makes the glass cloudy; on 
cooling, it then assumes a crystalline 
Buriace. 



Soluble to a limpid glass, which 
;mains cli>ar under all circum- 
stances. If too much Alumina ia 
added, the undissolved portion be- 
nnmos translucent. 
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Table L~C0N- 





On Ck alone, and in the 
forceps. 


With Carbonate of Soda 
m Ch. 


6. G-LTJCINA. 

BeO. 


Not changed. 


Insoluble. 


7. Tttria. 
YO. 


Not changed. 


Insoluble. 


8. ZlECOBIA. 


Infusible, but emitting a 
very glaring light. 


Insoluble. 
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With Bx on Flatinum Wire. 



With SPh ore Hatmum Wire. 



Soluble in large quantities t 
limpid glass, -which becomes opaque 
by flaming. When Oluisiiia is 



As with Borax. 



Like Glucina. 
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Table II.— BEHAVIOE OF THE METAL. 



Metallic O^des in 
Alpkabetieal Order. 


On Charcoal alone. 


With Carbonate of Soda. 


1. Antimonious 
Acid. 
SbCP. 


OFl: It is displaced with- 
out change, and deposited 
upon another part of the 

KFli It is reduced and 
volatiHzed. A Ct of an- 
timonious acid is deposit- 
ed on the Oh, and a green- 
i ail-blue color imparted to 
tlie flame. 


On Ch very readily re- 
duced in OFl and RFl, 
The metal fumes and 
coats the Ch with anti- 
monious acid. 


2. Arsbnous 

AOID. 

A80=. 


Volatile below red heat. 


On Ch reduced, with 

fumes, which are charac- 
terized by a strong garlic 
odor. 


3. Teboxide op 

BldMUTH. 

BiO'. 


OFl : Oa platinum foil 
it fuaes readily to a. dark- 
brown maaa, which, on 
cooling, beuomes pale yel- 
low. 

On Ch in OF! and RFl 
reduced to metallic bis- 
muth, which, with long 
blowing, vaporizes, coating 
the Cb with yellow oxide. 
The Ct, when touched with 
the RFl, disappears with- 
out coloring the flame. 


Easily reduced t» me- 
tallic bismuth. 


4. Oxide or 

Cadmium. 

OdO. 


OFl; On platinum foil 
unolinngod. 

RFl : On Ch it disap- 
pears in a short time, and 
deposits all over the Ch 
a dark-yellow or reddish- 
brown powder; the color 
can only be clearly dis- 
cerned after cooling. 


OFl: Insoluble. 

RFl; OnChreadiiyre- 
duced i the metal vapor- 
izes and deposits a dark- 
yellow or reddish-brown 
Ct on the Ch. 
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Lie OXIDES BEFORE THE BLOW-PIPB. 



With Bx on Platinum. Wire. 



With SPh on Flaiinum Wire. 



OFl: Dissolves in large quantities 
to a limpid glass, which, while hot, 
appears jellowiah, hut after cooling, 
colorless. 

RFl: The glass, when treated only 
for a short time in the OFl, becomes 
on Ch grajiah and cloudy from par- 
ticles of reduced antimony. With 
tin it hecomes gray or black. 



OH : Dissoltes with effervescence 
to a limpid glass, which, while hot, 
is slightly yellowish. 

KFl : On Ch the saturated bead 
becomes at first cloudy, but after- 
wards clear again, owing to the vola- 
tilization of the reduced antimony. 
Treated with tin, the glass becomes, 
after cooling, gray, even if but very 

With strong blowing it becomes clear 



OFl: A small quantity ia easily 



which, on cooling, boeoniea 

On a large addition of oside, the 

flass, while hot, is y olio wish-red, 
eeomes yellow on cooling, and when 
cold is opalescent. 

RFl : On Ch the glass becomes at 
first gray and cloudy, tlie oxide is 
reduced to metal with effervesoenoe, 
and the bead becomes clear ^ain. 
An addition of tin accelerates the 
process. 



OFIi Readily dissolved to a lim- 

Eid yellow glass, which, on cooling, 
eeomes colorless. When a greater 
quantity of oside is present, the 
glass may be made enamol-white by 
fiaming, and on a still larger addi- 
tion it becomes by itself enamel- 
white on cooling. 

RFl : On Oh, particularly when 
tin is added, the glass remains 
colorless and limpid while hot, hut 
becomea, on cooling, dark-gray and 
opaque. 



OFl : Soluble in large quantity to 
a limpid yellowish glass, boeoming 
almost colorless on cooling. When 
highly saturated, it may be made 
enamel-white by flaming, and when 
still mi>re oxide is present, it be- 
comes by itself enamel-white on 
cooling. 

RFl: Placed on Ch, it enters into 
ebullition; the oxide is reduced; the 
reduced metal vaporizes immediate- 
ly and deposits a dark-yellow Ct. 



OFl : Soluble in large quantity to 

limpid glass which, while hot, is 

yellowish, but cobirlesa when cold ; 

when saturated, it becomes enamel- 

whito on cooling. 

Tl : On Ch the oxide becomes 
slowlyandimperfectlyreduced. The 
reduced metal deposits a very feeble 
Ct of dark-yellow color. Tlie color 
■" only clearly seen when the mass 
cold. An addition of tin facili- 
tates the reduction. 
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Metallic Oxides in 
Alphabetical Orikr. 


On Charcoal alone. 


WUhCarhonaieofSoda. 


5. Sesquioxide 
or Cerium.- 


Not changed. 


Insoluble. TheSdpaaaeH 
into the Ch ; the sesqui- 
oxide is reduced to prot- 
oxide, which remains on 
the Ch as a light-gray 


6. Sesquioxide 
OF Chromium. 

Cr'O', 


Not changed. 


OFl; Ou platinum wire 
soluble ia a dark yellow- 
ish-brown glass, which on 
cooling becomes opaque 
and yellow. 

KPh The glass becomes 
opaqae and green on oool- 
iL. On Ch^ it cannot be 
reduced to metal; the Sd 
passes into the Ch, and the 
oxide remains behind as a 
green powder. 


7. Oxide op 

Cobalt. 

CoO. 


OFl : Not changed. 

KFi: It is reduced to 
metal, but does not fuse; 
the mass ia attracted by 
the magnet, and assumes 
metallic lustre by fric- 


OFl: On piatJnum wire 
a very Bmall quantity is 

mass of a pale-reddish 
color, which on cooling 
becomes fjray. 

RFi: On Ch reduced to 
a gray magnetic powder. 


8. Oxide op 

Copper. 

CuO. 


OFl: Fuses to a black 
globule, which becomes 
reduced when it is in con- 
tact with the Ch. 

EFl; Reduced to metal 
at a temperature below 
the melting-point of cop- 
per. When the beat is 
increased a globuleuf me- 
tallic cupper is obtained. 


OFl; On platinum wire 
soluble to a limpid glass 
of green color ; on cool- 
ing it becomes opaque and 

RFl'r On Ch easily re- 
duced to metal, which, 
when the temperature ia 
sufficiently high, fuses to 
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With Bx on Plalmum Wire. 



OFl: Soluble to a limpid glass of 
dark-jellow or red color, which 
changes on cooling to yellow. When 
highly saturated with oside the ;^laas 
becomes on cooling enamel-white. 

RFi; The yellow glass becomes 
colorless. A highly saturated bead 
becomes on cooling enamel-white 
and crystalline. 



1 PltUin'um Wire. 



OFl: As with Bx but on cooling 

EFl: Perfectly colo ess hot and 
oold. Becomes ne paque on 

cooling, however le ge he amount 
of oxide. 



OFl: Dissolves but slowly, but 
colors intensively. If little of the 
oside is present, the glass, while hot, 
is yellow; when cold, yeilowish- 
green ; with more oxide it is darlt- 
red while hot, becomes yellow on 
cooling, and when perfectly cold has 
a fine yellowish-green color, 

RFi: The glass is green, hot and 
cold. The intensity of the color de- 
pends on the amount of oxide pre- 
sent. Tin causes no change. 



OFl: Soluble to a limpid glass, 
fhich, while hot, appears reddish ; 
vhen oold it has a fine ereen color. 

KFh As in OFl. 



EFl: Aa in OPL 



OFl: AswithB\,butfortJiesi 
quantity of oside the color is 
quite so deep, 

RFI: As in OFl. 



OFl : A small adilition of oxide 
makes the glass appear green while 
hot, but hlua when cold. A large 
quantity imparts to it a very deep- 
green color while hot, becoming 
greenish-blue when cold. 

EFl: A glass containing a certain 
quantity of oxide becomes colorless, 
but on cooling becomes opaque and 
red (suboxide). On Oh tbe copper 
may be precipitated in the metallic 
state, the bead becoming in conse- 
quence colorless. A glass contain- 
ing protoxide, when treated on Ch 
with tin, becomes on cooling brown- 
ish-red and opaque. 



GFI: As with Bx, but for the 
same amount of oxide the coloration 

EFl; A glass containing a large 
quantity of oxide becomes dark- 
green, which in the moment of re- 
frigeration changes suddenly to 
brownish-red and opaque. A glass 
containing but little oxide, when 
treated on Ch with tin, appears color- 
less while hot, but becomes brown- 
ish-red and opaque on cooling. 
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Table II. — CON- 



Metallic Oxides in 
Alphabetical Order 


Oh CTtareoal alone. 


With Carbonate of Soda. 


9. Teroxide of 
Gold. 
AuO». 


When heated to igni- 
tion it becomes reduced 
to metal io OPl and RFl. 
The metal fuses easily to 
a globule. 


Does not dissolve in the 
Sd, but is easily reduced 
in boti flames. The metai 
fuses readily to a globule. 
The Sd passes into the Ch. 


10. Sesquioxide 
OF Iron. 


OFl: Not changed. 
RFl: Becomes blaek 


OFl: Insoluble. 

KFl : On Ch it is re- 
daoed ; the mass, when 
placed in a mortar, pul- 
verized, and repeatedly 
washed with water to re- 
move the adherent Ch 
particles, yields a gray 
metallic powder which is 
attracted by the magnet. 


11. BlNOXlDEOi' 

Iridium. 
IrO=. 


At a red heat becomes 
reduced ; the reduced 
metal is infusible. 


OFl: Does not dissolve 
in the Sd, but beeomea 
reduced; the raetfil can- 
nob be fused to a globule. 

RFl : As m On 


12. Oxide of 
Lead. 
PbO. 


Minium, when heated on 
platinum foil, blackens; 
on increasing the tem- 
perature it changes into 
vellow oxide, which final- 
ly fuses to a yellow glass. 
OnCh inOFlanifEFl 

reduced to metal which, 
with continued blowing, 
vaporizes, and covers the 
Oh with yellow oside, 
surrounded by a faint 
white ring of carbonate. 
The Ct, when touched 
with the EFl, disappears, 
imparting to the flame an 
azure-blue tinge. 


OFl: On platinum wire 
readily dissolved to a lim- 
pid glass which, on cool- 
ing, becomes yellowish 
aJid opaqire. 

RFl: On Ch reduced » 
metal which, with con- 
tinued blowing, covers 
the Ch with oxide. 
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Wilh Bx on Platinum Wire. 



As with Carbonate of Soda. 



TPitk SPh on Platinum. Wire. 



As with Carbonate of Soda. 



OFI: A amalt amount of oilde 
causes the glasa to look yellow while 
hot, colorless when cold. When 
more of the oxide is present the 
glass, while hot, appears red, and 
yellow when oo!d. A still larger 
quantity makes the glass dark-red 
■while hot, and dark-yellow when 

RFli The glass becomes bottle- 
green. Treated on Ch with tin it 
beeomes, at first, bottle-green, but 
afterwards pure vitriol-green. 



OFI: When 



,t a certain point of 



saturation the glass, while 'hot, ap- 
pears yellowish-red, and becomes on 
cooling at first yellow, then green- 
ish, and finally oolorleas. On a very 
large addition of oxide it appears, 
while hot, deep-red, becoming, on 
cooling, brownish-red, then of adirtj- 
green color, and finally brownish-red. 
RFl: A glaas containing but little 
of the oxide suffers noyisible change. 
When more of the oxide is present it 
is red while hot, and on cooling be- 
comes at first yellow, then greenish, 
and finally reddish. Treated with 
tin on Ch the glass on cooling be- 
comes at first green, and finally 
colorless. 



As with Carbonate of Soda. 



OFI: Easily soluble fo a limpid 
yellow glass which on cooling he- 
comes colorless. If much oxide is 
S resent it may be made cloudy by 
aming. A still larger addition of 
oiide causes the bead to become 
enamel-yellow on cooling. 

EFi: Theglassdifi'uses itself over 
the Ch and becomes cloudy. With 
continued blowing the oxide is re- 
duced to metal, with efi"erveseonce, 
and the glass becomes clear again. 



As with Carbonate of Soda. 



OFI; As with Bs. But to obt^n 
n, glass which appears yellow while 
hot, a large addition of the oxide is 
required. 

RFI : On Ch the glass becomes 
grayish and cloudy. This phenome- 
non is better observed when fin ia 
added ; but the glass can never be 
made quite opaque. If much of the 
oxide is present, the Ch becomes 
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Table II. — OON- 



Metallic Oxides in 
Alphabetical Order. 



On Charcoal alone. 



With Carbonate of Soda. 



13. Sesquioxidi 

or Manganese. 

Mq=0'. 



OFl: Insoluble. When 
le temperature is suffi- 
lently high, botli the 
isquioxido and the per- 
ojide are conTerted into 
a reddiah-brown powder 
IMnO+Mn'O'). 
EFl: The same effect. 



OFl: Oq platinum wire. 

' foil a very small 
quantity dissolves to a 
transparent green mass, 
whien on cooling becomea 
opaque and blmsh-grcen. 

RFl: On Chit cannot be 
reduced to metal ; the Sd 
passes into the Ch and 
leaves the protoxide be- 



14. Protoxide 

0¥ Mercury. 

HgO. 



Heated in a matrass 
to redness, it is reduced 
and yaporiied. The va- 
pors condense in the neck 
of the matrass nnd form 
a metallio coating. 



15. jtoltbdio 
Acid. 
MoCP. 



OFl ; Fuses, becomes 
brown, vaporizes, and de- 

Sosita on the Ch a yellow 
t, which nearest to the 
assay is crystalline, 
cooling the Ct becomes 
white, and the crystals 
colorless. 

RFl; The greater part 
of the assay is absorbed 
by the Ch, and may be 
reduced to metal at a suf- 



shape of a gray powder. 



OFl: Onplatinnmwipe 
dissolves with effervoa- 

w&ich on cooling becomes 
mi It- white. 

RFl ; Fuses with effer- 
vescence. The fused 1 
is absorbed by the 
and part of the aci 
reduced to metal which 
may be obtained i 
steel-gray powder. 



16. Oxide of 

NiOKEI.. 

NiO. 



OFl: Not changed. 

RFl: On Ch reduced to 
metal ; the spongy mass 
cannot be fused to a glo- 
bule, but assumes metal- 
lic lustre by friction ; it ii 
attracted by the magnet. 



OFl: Insoluble. 

RFl : Easily reduced 
to metal, in the shape 
of bright, white scales, 
which are attracted ' 
the magnet. 
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With Bx on Platinum, Wire. 

OFl; Colors very intensively, — 
The_ glftBB, while hot, is violet, on 
cooling it assumes a reddish tinge. 
When much manganese is added, 
the glass becomes quite black and 
opaque; but the color can be seen 
when the glass, while soft, is flat- 
tened with the foroeps, 

RFl : The glass becomeB eoIorlesB. 
If the color was very dark, the 
phenomenon is best observed on Ch 
with addition of tin. 



I Wm SPh on Platinum Wire. 

OFl : A considerable addition of 
manganese must be made to produce 
a colored glass; it then appears, 
while hot, brownish-violet, and 
reddish-violet when cold, but never 
opaque. If the glass fiontains so 
small a quantity of manganese that 
it appears colorless, an addition of 
nitre will produce the characteristic 
coloration . 

RFl: Becomes very soon color- 



OFl: Dissolved in large quantities 
to a limpid glass which, while hot, 
appears yellow, but colorless on 
cooling. A very large amount of 
aeid causes the glass to appear datk- 
yellow while hot, and opaline when 

RFl: A highly saturated bead 
I j brown, and opaque when 

e acid is present. 



OFl : A smaJl quantity colors the 
bead violet while hot; when cold, 
pale reddish-brown. More oside 
maltes the coloration deeper, 

RFl ; The glass becomes gray and 
cloudy, or even opaque. With con- 
tinned blowing the minute particles 
of reduced metal collect together 
and the glass becomes colorless. 
This takes more readily place on 
Ch, especially when tin is added. 
The nickel then unites with the tin 
to a globule. 



OFl: Easily soluble to a limpid 
glass; if but little of the acid is 

C resent it is yellowish-green while 
ot, hut when cold almost colorless 
OnCh th las b wm Ik 

ool ng a 1- t f 1 
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OFl: Soluble to a reddish glass 
which, on cooling, becomes yellow. 
A larger addition causes the glusa 
to appear brownish-red while hot, 
and reddish-yellow when cold. 

RFl: On platinum wire not 
changed. On Ch with tin it becomes, 
at first, gray and opaque; with 
continued blowing the nickel be- 
comes reduced, and the glass clear 
again and colorless. 
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Table n.— COPT- 



Metallic Oxides in 
Mphabetical Order. 


On Charcoal alone. 


Wia. Carbonate of Soda. 


17. BiNOXIDE OF 

Osmium. 
ObO=. 


OF! : Convertad into 
osmio aeid which, with- 
out depositing a Ct, vol- 
atilizes with ita pecali&r 
pungent odor. 

RPhEnsily reduced to 
a dark-brown and in- 
fusible metallic powder. 


Easily reduced tfl an 
infusible metallic pow- 
der. 


18. PaOTOXlDE 

OF Palladium. 
PdO. 


Reduced at a red-heat ; 
but the metallic particles 
are infusible. 


passes into the Ch, and 
leaves the Palladium be- 


19. EiNOXIDE OF 

Tlattnum. 
PtO=. 




Like Pailadium. 


20. Protoxide 

OP SlLVER. 

AgO. 


Easily reduced to me- 
tallic ailver, which unites 
to one or more globules. 


Instantly reduced. The 
Sd passes into the Ch, 
and the metal unites to 
one or more globules. 


21. Tellurous 
Acid. 
TeO'. 


OFh Fuses, and is re- 
duced with effervescence. 
Tbe reduced metal \<e- 
oomes instantly vapor- 
ized and covers the Ch 
with tellurous acid ; the 
Ct usually' has a red or 
dark-yellow edge. 

EFl : A3 in OFl ; the 
outer flame appears of a 
bluish-greeu color. 


wire, to a limpid and 
colorless glass, which on 
cooling becomes white. 

On Ch reduced and 
volatilized, depositing a 
Ct of tellurous acid. 


22. BiNOXIDE or 
Tin. 

SnO'. 


OFl: Tbe protoxide 
burns, liketindcf, to bin- 
oxide. The binoxide lie- 
appears, while hot, yel- 
lowish, but assumes on 
cooling a dirtj-white 
color. 

EFl : With a powerful 
and continued flame it 
maybe reduced to metal. 


OFI : On platinum-wire 
it forms witJi Sd, with 

ble compound. 

RFl: On Ch reduced 
to metallic tin. 
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TINTJED. 




With Bx on Platinum Wire. 


Wiih SPh on FlaSimm Wire. 






OFl and EFI ; Reduced, but not 
dissolved; the metallic particles 
cannot be fused to a globule. 


As with Ex. 


Like Palladium. 


Like Palladium. 



In part dissolved, and ... 

fftrt reduced. On cooling, the glass 
eoomes opalescent or milk-white, 
according to the amount of oxide 
present. 

EFh The glass at first becomes 
gray, but afterwards limpid and 
colorless. 



OFl; Imparta to the bead a yel- 
lowmh eolor. When much of the 
oxide is present, the glass, when 
culd, is opalescent, and appears jel- 
lowish at daylight, reddish at can- 
dle-light. 

Ell: As with Bs. 



OFl: Soluble to a limpid and 
colorless glass which, on Ch, be- 
comes gray from reduced metal. 

KFl ; On Ch becomes at first gray, 
afterwards colorless. The Ch be- 
comes coated with tellurous aoid. 



As with Borax, 



OFl: 



: A very small quantity dis- 
solves slowly to a, limpid and color- 
loss glass, which remains so on 
cooling. 

RFl; From a higjilj' saturated 
glass a part of the oxide may be 
reduced on Ch. 



OFl : As with Borax. 
RFl; The glass, containing oxide, 
suffers no change. 
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Table II.— CON- 



Metallic Oxides in 
Alphabetical Order. 


On Charcoal alone. 


With Carbonate of Soda. 


23. Titanic 
Acid. 
TiO=. 


OFl: Assumes, on 
heating, a yellow color, 

on cooling. Suffers no 
other change. 
RFl: As in OFI. 


OFI: on Chit dissolves, 
with effervescence, to 
a dark -yellow glass, 
which, on cooling, crys- 
talliiea. When cold it is 
grayish-white. 

KFl: As in OFi; can- 
not be reduced to metal. 


24. tungstic 
Acid. 

■wo^ 


OFI: Not changed; at 
a very hieh temperature 
eonve^tedito oxide. 

RFl: Blackens, being 
converted into oside, but 
does not fuse. 


OFI: On platinum wire 

and deep-yellow glass, 
which, on cooling, be- 
comes crystalline and 
opaque, and of white or 
jellowish color. 

EFl: With very tittle 
Sd on Ch it is reduced to 
metal; with more Sd it 

of metallic lustre vhich 
passes into the Cb 


25. Sesquioxide 
OF Uranium. 


OFi: Infusible i hut 
assumes a dirty yellow- 
ish-green color. 

RFl: Blackens, owing 
to the formation of prof^ 


OFI : Insoluble. With 
a certain amount of Sd 
the mass becomes yel- 
lowish-brown, and with 
more passes into the Ch. 

RFl: As in OFI; no 
reduction to metal takes 
place. 


26. Tanadic 
Acid. 
VO*. 


Fusible. Where it is 
in contact with the Ch 
it becomes reduced and 
passes into the Ch. The 
rest assumes the lustre 
and color of graphite. 


Unites to_ a fusible 
mass which is absorbed 
by the Ch. 
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With B 



n Plaiin 



% Wire. 



OFl; 



; Easily soluble to a limpid 
which, when containing a large 
quantity, appears yellow while hot, 
but beoomes colorless on cooling. 
When contmning ft very large quan- 
tity it is enamel-white when cdd. 
_ EFI: When containing but littie 
titanic acid the glass becomes yel- 
low ; when more, dark-yellow to 
brown. A saturated glass becomes 
enamcI-blue by flaming. 



OFl; Like titanic aeid. 

RFl : A glass, containing but little 
tungstio acid, is not changed. When 
more, it becomes yellow and, on cool- 
ing, yellowish-brown. On Ch the 
same reaction is produced witJi a 
less saturated bead. Tin deepens 
the colors. 



OFl: Behaves like sesqiuoside of 
iron. When highly saturated the 
glass may be made enamel-yellow 
by flaming. 

EFI: Behares like seequioside of 
iron._ The green bead, when at a 
certain point of saturation, may be 
made black by flaming. On Ch with 
tin it becomes dark-yeilow. 



Wi^ SPh on Platinum Wire. 

OFl; Easily dissolved to a limpid 
glass which, when containing a large 
quantity, appears yellow while hot, 
but beoomes colorless on cooling. 

RFl ; Appears yellow while hot, 
but, on cooling, reddens and finally 
assumes a violet color. If iron 18 
present the glass, on cooling, be- 
comes brownish-red ; with tin on 
Ch the glass becomes violet, unless 
the amount of iron be very consid- 
erable. 



OFl : Easily dissolved to a limpid 
and colorless bead, which when 
highly saturated, appears yellow 

RFl : With little blowing the glass 
appears, while hot. of a dirty green 
color, blue on cooling; with strong 
blowiDg it becomes, on ectoling, blu- 
ish-green. On Ch with tin, deep 
green. If iron is present the glass, 
on cooling, becomes brownish-red; 
■with tin on Ch the glass becomes 
blue or, if the amount of iron is 
considerable, green. 



OFl : Dissolves to a limpid yellow 
glass which, on cooling, becomes 
yellowish-green. 

RFl: The glass assumes a dirty 
green color which, on cooling, 
' »nges to a fine green. With tin 
Ch the color deepens. 



OFl: Dissolved to a limpid glass 
which, when the quantity of vanadic 
acid is small, appears colorless, when 
larger yellow, and which, on cooling. 



s, while hot. appears 
brownish, and assumes a fine green 
color on cooling. 



OFl r Soluble to a limpid glass 
which, if sufficient vanadic acid is 
present, appears dark-yellow while 
hot._ and becomes ligfit^yellow on 

RFl: As with Borai. 
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^Mallic Oxides it\ 
Atpkabetical Ordei 



21. Oxide op 
Zinc. 
ZiiO. 



On Charcoal alone. 



OFl : When heated be- 
comes yellow and, on cool- 
ing, white again. It fuses 
not, but beoomea yerj lu- 

Ei'l; Is slowly reduced; 
the reduced metal he- 
comes rapidly re-oxidized 
and the oxide deposited 
another place of the 



Ch. 



Table II.— CON- 



OFl: Insoluble. 

EFl : On Ch it becomes 
reduced. The metal t 
porizes and coats the Oh 
with oxide. With a pow- 
erful fiame the charaeter- 
istio zinc-flame ia bc 
times produced. 
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With Bx on Platinum Wire. 



With SFh on Platin 



OFl: Dissolves readily, and in 
large quantity, to a Jimpid glasa. 
which appears yellowish while hot ; 
on ooolmg it is eolorleas. When 
much of the oxido is present, the 
glass may be made enamel-white 
by flaming; and on a still larger 
aaditioQ it becomes enamel-white on 
cooling. 

RFl L The saturated glass becomes 
at first gray and cloudy, and flaally 
transparent again. On Ch the oxide 
becomes reduced, the metal vaporizes 
and coats the Ch with oxide. 
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Table III— THE METALLIC OXIDES ARRANGED 
THEY IMPART 



Hot 

AND 

Cold. 



With Borax in Oxydation Flame produce: 



a, — Oolorless Beads. 

Siliea, Alumina, Biooxide of Tin, 
Baryta, Strontia, Lime, Magnesia, 
Glucina, Tttria, Zireonia, Thoria, 
Oside of Lanthatiium, Oaide of Sil- 
ver, Tantalie Acid, Niobio Acid, Tel- 
luroua Acid. 

TitanieAcJd,TurigsticAcid,Molyb- ' 
die Acid, Oxidea of Zino_, Cadmimn, \ 
Lead, Bismuth, and Antimony' J 



when feebly saturated. 



—Yellmv Beads. 



Acid Or 



ixides of Lead, B smuth 
Antimony. 

Besquioxidoa of Ceri im Idu 



1 h a:hly saturated ; 
loling c ! rless and 
I Uoudy by flaming 
I whpn highly saturated ; 
f on cooling colorless 
I when feebly saturated ; 
jmnium. f on cooI ng c lorless 

Sesquioxide of Chromium wl t-a fully satuiated when old, 
yellowisli-green. 

Vanadio Acid ; wlien cold, pale-gi-een. 

c. — Sed to Brown Beads. 

Sesquioxide of Cerium ; on cooling yellow, enamel-like by 
flaming. 

Sesquioxide of Iron ; on cooling, yellow. 

Sesquioxideof Dranium ; on cooling jellow, enamel-yellow bj 



Sesquioxide of Chromiut 
Sesquioxide of Iron, ooi 
lo wish-red. 



on cooling yellowish-green, 
ining Manganese ; on cooling yel- 



f Oxide of Nickel (reddish-brown to brown); violet wliilo hot. 

Cold. \ Sesquioxide of Manganese (violet-red); violet while hot. 

( Oxide of Nickel, containing Cobalt ; violet while hot. 

d. ^Violet Beads (amethysl-colored). 

( Oside of Nickel ; on cooling, reddish-brown to brown. 

Hot. i SesquiosiiJe of Manganese; on cooling, violet-red. 

|_ Oxide of Nickel, containing Cobalt ; on cooling, brownish. 
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WITH RErERENCE TO THE COLORS WHICH 
TO THE FLUXES. 



With Boeax in Reduction Flame pkoduce : 
a. — Colorless Beads. 
Silica, Alumina, Biauxide of Tin. 
Baryta, Slrontia, Lime, Magnesia, 1 
Glucina, Yttria, Zirconia, Thoria, Oi- ( when highly Hatiirated 
r cloudy liy flaming. 

Sesquioxide of Manganese; sometimes, oa cooling, pale rose* 



Hot 

AND 

Cold. 



Niobio Acid ; when feebly saturated. 

Osidea of Silver, Zlno, Cadmium, 1 with strong blowing ; 
Lead, Bismuth, Antimony, Nickel, Tel- [■ with feeble blowing 
. lurous Acid. J gray. 

TToT / Oxide of Copper; when highly saturatea on cooling opaque 
■""^' \ and red. 



6. — Yellow to Brovm Beads. 
Titanic Acid (yellow to brown); when highly saturated eaamel- 
blae by flaming. 

Tungstic Auid (yellow to dark-yellow); when cold brownish. 

Molybdic Acid (brown to opaque). 

Vanadic Acid (brownish) ; green when cold. 



c.—BJue Beads. 
Hot. \ Oxide of Cobait; retains its color o 



jjqpj f Seaquioxide of Iron (yellowish-j^en) ; especially when cold. 
AND J Seaquioxide of Uranium (yellowiah-greea) ; when highly satu- 
p 1 '^^^^ black by flaming. 

y Seaqnioxide of Chromium (light to dark emerald-green). 
Hot. \ Vanadic Acid; brownish while hot. 
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Table III.— CON- 

WlTH BOKAX IN OXTDATION FlAME PRODUCE: 

e. — Blue Beads. 
Hot. \ Oside of Cobalt ; retains its color on cooling. 
Cold I Oxide of Copper (when highly saturated gcoenish-lDluc) ; green 
1 while hot. 

f. — Green Beads. 



changes, according to 

Sesqnioxide of Iron, containing Co- the proportion in 

j bait or copper. which the various os- 

I Oside of Copper, c«ntwning Iron or ides are present, to 

Nickel. light-green, blue, or 

J yellow. 

isquioxide of Chromium, jellowish-green ; yellow to red 

\ while not. 

Vanadic Acid, greenish ; yellow while hot. 
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With Borax in Reduction Flame prodticb: 
e. — Gray and Cloudy Beads. 

(Oxides of Siher, Zino, Cadmium, ] with feeble blowing; 
Lead, Biamuth, AntimoDy, Nickel, )■ witb strong blowine 
Tellurous Aoid. J colorlesa. 

Niobie Acid; when highly saturated. 



/. — Sed and Opaque Beads. 
COLI).^ Oxide of Copper, when highly saturated; colorlesa while hot 
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Table III.— CON- 

WiTH Salt of Phosphoetjs in Oxydation Flame pRorucii: 
a. — Oolorless Beads. 
f Silicic Acid; soluble only in minute quantity. 
I Alumina, Binoxide of Tin ; aoluble with difficulty. 

Baryta, Strontia, Lime, M^nesia, ) when highly saturated 
I Glucina, Yttria, Zirconia, Thona, Oi- I become opaque by 
I ide of Lanthanium, Telluroas Acid. j flamiog. 
AoidsofTantali«m,Niobium. Titan-) ;f ^^ 
1, Tungsten, Antimon;^! Osides of )■ ^^^^^ 



Hot 

Cou). I 



Hot. 



Cold. 



Hot. 



Hot. 



1 highly saturated; 



too highly 6atu- 
Zinc, Cadmium, Lead, Bismuth. 
b. — Tellow Beads. 
Acids of Tantalium, Niobium, Titan- 1 
ium, Tungsten, Antimony; Oxides of P;'; j;;^;'^^;,^ ^^ 
Zinc, Cadmium, Lead, Bismuth, J " 

Oxide of Silver, yellowish ; when cold opalcaeent. 
Sesquioxide of Iron. ) when feebly saturated; 

" " Cerium. j on cooling colorless, 

" " Uranium ; when cold jellowiah-green. 

Vanadio Acid, deep-yellow; when cold of a lighter ahade. 
Oside of Kickel; while hot reddish. 
c. — Red Beads. 
Scsqulosidc of Iron. 1 when highly saturated; 

•' " Cerium. | when cold yellow, 

Oside of Nickel, reddish; when cold yellow. 
Sesquioxide of Chromium, reddish ; when cold emerald-green. 
d.— Violet Beads. 
Sesquioxide of Manganese, brownish-violet; on cooling pala 
reddish-violet. 
( Oxide of Didymium ; when cold of a lighter shade. 
e. — Blue Beads. 
Hot. -[ Oxide of Cobalt; when cold of the same color. 
CotD. -| Oxide of Copper; green while hot. 
/. — Green Beads. 



Sesquioxide of Iron, containing Co- 
balt or Copper. 

Oxide of Copper, containing Iron or 
NickeL 



on cooling the color 
changes, according to 
the proportion in which 
the various oxides are 
present, to light-green, 
blue, or yellow. 

Oxide of Copper ; when cold blue or greenish blue. 
Molybdic Acid, yellowish-green ; when cold of a lighter shade. 
Sesquioxide of Uranium, yellowish-grcon ; while hot yellow. 
Sesquioxide of Chromium, emerald-green- while hot reddish. 
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With Salt op Pnospiioitua in Reduction Plame produce: 

a, — Colorless Beads. 

Silica, but slightly soluble. 

Aluminn, Binoside of Tin, soluble with difficulty. 

Baryta, Strontia, Lime, Maenosia, 1 . , , , , 
Gluoina, Tttria, Zircooia, Thoria, Ox- 1 " ^^ y^**"'"^*^'^''*' 
ide of Lanthanium. J "'^'^^ opaque by flaming. 

Oxides of Didyniium, Cerinm, Manganese 

Osides of Silver, Zino, Cadmium, 
Lend, Bismuth. 

Tantalic Acid, Antimonious Acid 
Tellurous Acid. 

Oxide of Nickel, on Oh. 
b. — Yellow to Bed Beads. 

Seaquioside of Iron; i>n cooling greenish, then reddish. 

I itanic Acid, yellow ; on cooling violet. 

Vaoadio Acid, biowniah ; when oold emerald-green. 



rith continued blowing. 



Hot \ V^^"'^- ^"'^ containing Iron. ) jeUow ; when cold 

lungatic ■' " ; blood-red. 

N'Obic '■ ■' " J brownish-red ; when cold 

^ c.~Violet Beads. I deep-yelbw. 

Cold. { uSl^"'"' "''" '''^"^ """""'''^ ' """* ^'' '^ '^ P^'« ^'''r 
( Titanic Acid ; yellow while hot. 
d. — Blue Beads, 
Oside of Cob.-ilt; of the same color when hot 
Tungatic Acid; while hot browniah. 

Niobio Acid, when very highly saturated ; while hot of a dirty- 
|_ blue color. ■* 

e. — Green Beads. 
Sesquioiide of Uranium ; while hot less bright 
Molyhdio Acid ; while hot of a dirty-green color. 
Vanadic Acid ; while hot brownish. 
Seaquioside of Chroraiuin ; while hot reddish. 
/ — Gray and Cloudy Beads. 

roin i T ^f^t- °^ fil'^T ^'"°- '^«^'"''""') takes quickest place on 
C0LD.jLead, Bismuth. Antimony. Nickel; i Ch; with continued blow- 
( Tellurous Acid. j j^g colorless. 

g. — Sed and Opaque Beads. 
Cold, | Oside of Cupper, when highly saturated, or with Tin on Ch. 
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ACICULAE BISMUTH, 116. 

Acids, volatile, tests for, 36. 

Acmite, 124. 

Actinolite, 110. 

Aeschynite, 142. 

Agalmatolite, 134, 

Aikinite, 116. 

Albite, 132. 

Allanite, 111, 123. 

Allophane, 134. 

Alioehroite, 124. 

Almandine, 110, 124. 

Altaite, 114. 

Alumina, testa for, 3T, 146. 

Aiunite, 133. 

Amalgam, 86, 117. 

Amalgams, test for, 21, 29. 

Amblygonite, 121. 

Ammonia, test for, 27, 40. 

" salts of, test for, 2T. 
Ammonia-alum, 126. 
Analeime, 129. 
Anatase, 142. 
Andalusite, 135, 
Anglarite, 123. 
Anglesit«, 82, 120. 
Anliydrite, 126. 
Annabergite, 89, 122. 
Anthophyllite, 142. 
Antbracit«, 95. 
Antigorite, 140. 
Antimonial copper, 115. 

" silver, 89. 

Antimoaious acid, teats for, 37, 

150. 
Antimony, metallic, tests for, 29, 

30, 34. 



Antimony, test for, wlica in com- 
bination, 40. 
" ores of, 63. 

" sulphides of, test for, 

38. 
" sulphides of, test for, 

when in combina- 
tion, 40. 
" oxide of, test, 21.' 

Apatite, 137, 138. 
Apophyllit«, 139. 
Apparatus, list of, 21, 24. 
Aneoxene, 119. 
Arfvedsonite, 124. 
Aigentifevous sulphide of cop- 
per, 92 
Arkansite, 118 
Arragouite, 136. 
Arbonates, te-^t for, 34. 
Arsenic, metallic, tests for, 27, 
29, 30, 34. 
" ores ot f)4 

" lulphides of test for, 

2S 
" test fji when in com- 

bination 41 
" test for in arsenates 

and arsenites, 41. 
Arsenical pyrites, 78, 113. 

" copper, 71. 

Arseniosiderite, 122. 
Arsenolite, 65, 119. 
Arsenous acid, tests for, 27, 41, 

150. 
Asphaltum, 96. 
Atakaraite, 73, 1 31. 
Augite, 131. 

(171) 
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Axinite, 131. 
Azurite, 73, 121. 

BARIUM, salts of, test for, 33. 

Baryta, teats for, 146. 

Barytes, 126. 

Barytoealcite, 136. 

Berthierite, 64, 115. 

Beryi, 143. 

Berzelianite, 113. 

Beudantite, 122. 

Biotite, 141. 

Bituminous coal, 95. 

Bismuth, metallic,testsfor,29,30. 

" oxide of, ctiange by 

heat, 29. 

" " tests for, 150. 

" test for, when in com- 

binatioB, 43. 

" ores of, 65. 
Bismuth ochre, 61. 
Bismuthine, 66, 116. 
Bismutite, 66, 125. 
Blaclt manganese, 85. 
Blende, 9S, 118, 136, 137. 
Blow-pipe lamp, 21, 
Blue malachite, 73, 
Bog manganese, 85. 
Boltonite, 140. 
Bone-ash, 24. 

Boracic acid, as reagent, 23. 
" tests for, 34, 43. 
Boracite, 127. 
Borax, 125. 

" as reagent, 23. 
Botryogen, 123. 
Boulangerite, 81, 114. 
Boumonite, 80, 114. 
Braunite, 85, 117- 
Breithauptit«, 115. 
Breunnerite, 136, 137. 
Brewsterite, 129. 
Brittle silver ore, 91. 
Brochantite, 191. 
Bromine, test for, 44. 



Bromic silver, 90, 
Bromyrite, 90. 
Bronaite, 141. 
Brookite, 142. 
Brown coal, 96. 
Brown hematite, 76. 
Brucite, 136. 

CACOXENE, 133. 

Cadmium, metallic, test for, 30. 

" lest for small quanti- 
ties of, 44. 

" alloys of, test for, 37. 

" oxide of, tests for, 150. 

Calamine, 94, 133, 136, 
Calcination of assays, 34. 
Caleite, 136. 

Calcium, salts of, test for, 33. 
Calomel, 86, 119. 
Capillary pyrites, 88. 
Carbonic acid, test for, 36. 
. Carpholite, 130. 
Cassiterito, 93, 142. 
Celestine, 126. 
Cerasine, 81, 120. 
Cerite, 138. 

Cerium, oxide of, tests for, 153. 
Cerusite, 81, 120. 
Chabazite, 129, 
Chalcolite, 121. 
Chalcophyllite, 121. 
Chalcopyrite, 69. 
Chalybite, 78, 137. 
Cbildrenita, 138, 143. 
Chiolite, 126. 
Chloantite, 113. 
Chlorine, test for, 44, 
Chlorite, 140, 141. 
Chloropal, 139. 
Chlo- o-bromide of silver, 90. 
Chondrodite, 140. 
Chonikrite, 129. 
Chrome ochre, 137. 
Chromic iron, 67, 118. 
Chromium, ores of, 67. 
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Chromium, oxide of, tests for, 
45, 152. 

Chrysoberyl, 135. 
ChrysocoUa, U, 138. 
Clirysolite, liO. 
Chrysotile, 139, 
Cryolite, 126. 
Cimolite, 134. 
Cinnabar, 87, 115, 119. 

" test for, 38. 
Clausthalite, 113. 
Clintonite, 133, 140. 
Cobalt, test for, in arsenides, 45. 
" " in sulphides, 45. 

" " when in eombi- 

natioa with 
metals, 45. 
" nitrateof, asreagent, 122. 
" oxide of, testa for, 152. 
" ores of, 67. 
Cohalt bloom, 68. 
Cobalt pyrites, 68, 
Cobaltine, 68, 113. 
Collyrite, 134. 
Columbite, 118. 
Common coal, 95. 
Common salt, 125. 
Copiapite, 133. 

Copper, t«Bt for, in sulphides, 47. 
" " when in combi- 

nation with 
other metals, 
46, 47- 
" " when ia combi- 

nation with 
tin, 60. 
" ores of, 69. 
" oxide of, tests for, 153. 
" " as reagent, 22. 

" salts of, tests for, 33, 47. 
Copper glance, 70, 116. 
nickel, 87, 113. 
pyrites, 69, 116. 
■' vitriol, 73. 
i, 79. 
16* 



Coquimbite, 122. 
Corneous lead, 81. 
Corundum, 135. 
Covelline, 121. 
Croeidolite, 124. 
Crocoisite, 83, 119. 
Croflstedtite, 133. 
Cryolite, 126. 
Cuban, 116. 

Cupellation, process of, 58. 
Cuproplumbite, 116. 
Cyanogen, test for, 27. 
Cyanosite, 74, 121. 

DATHOLITE, 137- 
Dark-red silver ore, 91. 
Deweylite, 130. 
Diallage, 131. 
Diallogite, 85, 136. 
Diamond, 144. 
Diaapore, 133. 
Dioptase, 138. 
Diopside, 131. 
Discrasite, 89, 115. 
Disterrite, 135. 
Dolomite, 136. 
Domeykite, 71, 133. 
Dufrenite, 123. 
Dufrenoysite, 81, 113. 

EARTHY COBALT, 69, 137. 

Ehlite, 121. 

Electrum, 113. 

Bmbolite, 89. 

Emerald nickel, 88, 137. 

Epidote, 130. 

Epsomite, 125. 

Erinite, 121. 

Erubeacite, TO. 

Erythrine, 68, 122, 

Eucairite, 114. 

Euchroite, 121. 

Euclase, 143. 

Eudialite, 198. 

Eukolite, 12S. 
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Eulytine, 134. 
Euphyllite, 131. 
Examination in a closed glass 
tube, 26, 

" in an open glass 

tube, 38. 

" on charcoal, 39. 

" in the forceps, 32. 

" with boras and 

salt of phos- 
phorus, 34. 

" with carbonate of 

soda, 35. 

" with solution of 

cobalt, 31. 

PISCHERITE, 133. 
Flaming, process of, 35. 
Fluocerite, 138. 
Fluor, 126. 

Fluor spar, as reagent, 23. 
Fluorine, tests for, 48, 
Fossil fuel, 95. 
Frankliaite, 86, 118. 
Fusibility, scale of, 109. 

GADOLIXITE, 140. 
Gahnite, 144. 
Galena, 80, 115. 
Gay-Lussite, 126. 
Gehlenite, 140. 
Geocronite, 81, 115. 
Gersdorfate, 88, 113. 
Gibbsit«, 133. 
Glaserite, 125. 
Glaulerite, 136. 
Glauber salt, 135. 
Glucina, tests for, 148. 
Gold, t«st for, when in combi- 
nation, 49. 

" ores of, 14. 

" oxide of, tests for, 154. 
Goslarit«, 126, 136. 
Gcethite, 131. 
Graphic tellurium, 15. 



Graphitfi, 118. 

Gray antimony, 63, 109. 

" copper, 10. 

" ore of manganese, 84. 
Green earth, 124. 

" vitriol, 19, 122. 
Gi'eouockite, 131. 
Grunauite, 116. 
Gypsum, 126. 

HALLOYSITB, 134. 
Hardness, scale of, 62. 
Harmotome, 131. 
Hauerite, 115, 121. 
Hausmannite, 85, 111. 
Hauyne, 128. 
Hedenbergite, 124. 
Hedyphane, 119. 
Helvin, 121. 

Hematite, 16, 111, 118, 123, 181. 
Heteromorphite, 81. 
Hessite, 114. 
Hisingerite, 124, 139. 
Horn quicksilver, 86. 
Horn silver, 89, 119. 
Hornblende, 124, 133. 
HureauJite, 133. 
Hydrohoracite, 126. 
Hydro m ague site, 136. 
Hypersthene, 141. 

IDOCBASB, 132. 

Ilmenite, 18. 
Iodic silver, 90. 
Iodine, test for, 50. 
lodyrite, 90, 119. 
lolite, 143. 
Iridium, ores of, 15, 

" oxide of, tests for, 184. 
Iridosmine, 15, 118. 
Iron, metallic, as reagent, 24, 
" test for, when in combina- 
tion, 50, 51. 
" " in sulphides and 

arsenides, 50. 
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Iron, oxido of, testa for, 15i. 

" " change by heat, 

29. 

" ores of, T6, 
Iron garnet, 110, 124. 
Iron pyrites, T9, 116. 

JAMBSONITB, 81, Hi. 

KAOLIN, 134. 
Kerargyrite, 89. 
Kermesite, 64. 
Kilbrikenite, 115. 
Kreittonite, 144. 
Kyanite, 135. 

LABRADORITE, 130. 

Lanarkite, 120. 

Lapis lazuli, 128. 

Laumontite, 128. 

Laveudulan, 69. 

LaKulite, 134. 

Lead, metallic, as reagent, 24. 

" " tests for, 30, 34. 

" test for, when in combina- 
tion, 50, 51. 

" oxide of, change by heat, 
30. 

" " tests for, 154. 

" ores of, T9. 

" phosphate of, test for, 51. 
Leadhillite, 82, 130. 
Lead vitriol, 82. 
Lepidollte, 124, 131. 
Leneite, 135, 140. 
Libethenite, 131, 122. 
Lievrite, 117, 133. 
Light-red silver ore, 91. 
Lime, tests for, 146. 
Lime-garnet, 130, 133. 
Lime-chrome-garnet, 144. 
Lime-iroD-garnet, 124. 
Limonite, 76, 118, 124, 137. 
Linnffiite, 68, 116. 
Linarite, 120. 



Liroconite, 121. 
Lithia, test for, 33. 



MAGNESIA, tests for, 37, 146. 
Magnesite, 136. 
Magnetic iron ore, 77. 
" pyrites, 77. 
Magnetite, 77, 117, 118. 
Malachite, 72, 121. 

), 115, 127. 
test for, when in 
combination, 53. 
ores of, 84. 
oxide of, tests for, 
156. 
130. 



Manganitc, IIT. 
Marcasite, 77, 116. 
Margarite, 131. 
Marmatite, 137. 
Mascagnine, 119, 
Matlockite, 120. 
Meerechanm, 130, 139. 
Meionite, 128. 
Melaconite, 121. 
Melanochroite, 119. 
Mellilite, 128. 
Mendipite, 120. 

Mercury, metallic, tests for, 27, 
29. 

" chlorides of, test for, 
26. 

" salts of, testsfor, 27, 53. 

" sulphide of, tests for, 

27, 53. 
ores of, 86. 

" oxide of, tests for, 156. 

" test for, in amalgams, 

53. 
Mesolite, 128. 
Meteoric iron, 76. 
Miargyrite, 115. 
Millerite, 88, 116. 



,y Google 



176 IN 

Mimetine, 119. 
Minmm, 79, 119. 
Mispickei, 78. 
Molybdenite, 118. 
Molybdenum, compounds of, 

lest for, 34. 
Molybdic acid, tests for, 34, 156. 
Molybdine, 124. 
Monazite, 138. 
Monradite, 140. 
Muscovite, 134, 141. 
Myelin, 134. 
Mysorin, 121. 

NAGYAGITE, 114. 
Native antimony, 114. 

arsenic, 64, 113. 

bismuth, 65, 117. 

copper, 69, 112. 

gold, 74, 112. 

iron, 113. 

lead, 112. 

mercury, 86, 113. 

palladium, 112. 

platinum, 75, 112. 

silver, 89, 112. 

snlphar, 118. 

tellurium, 114. 
Natrolite, 127. 
Natron, .135. 
Naumannite, 113. 
Neolite, 140. 
Nephcline, 128. 

Nickel, nitrate of, as reagent, 33. 
" test for, when in combi- 
nation, 54. 
" ores of, 87. 
" oxide of, tests for, 156. 
Nickel glance, 88. 
Nickel green, 89. 
Niekeliferous gray antimony, 88. 
Nitratine, 135. 
Nitre, 125. 

Nitric acid, test for, 54. 
Nitrous acid, " 26. 



Nosean, 137. 

OBSIDIAN, 132, 
Ochran, 134. 
Okenite, 129. 
Olivenite, 73, 121. 
Onofrite, 113. 
Opal, 143. 
Orpiment, 65, 113. 
Orthoclase, 110, n3, 143. 
Osmium, oxide of, tests for, 153. 
Osmium-iridium, 75. 
Ouvarovite, 144. 
Oxygen, test for, .26. 

PALLADIUM, oxide of, tests 

for, 158. 
Pearistone, 133. 
Pectolite, 139. 
P^anite, J 33. 
Perofskite, 118. 

Peroxide of Nitrogen, test for, 26. 
Petalite, 131. 
Pharmacolite, 126. 
Phonacite, 143. 
Philippsite, 137. 
Pholcrite, 134. 
Phosphate of lead, 82. 
Phosphoealcite, 73, 121. 
Phosphoric acid, tests for, 34, 54. 
Phosphorus, salt of, as reagent, 

Pitchblende, 118, 137. 
Pitchstone, 133. 
Pitticite, 122. 
Plagionite, 81, 115. 
Platinum, ores of, 75 

" oxide of, tests for; 158. 

Plattnerite, 117. 
Plconaste, 144. 
Plumbic ochre, 80. 
Plumbo resinite, 83, 133. 
Plnmosite, 114. 
Foiyhasite, 92, 113. 
Polycrase, 138. 
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Polyhalite, 126. 
Polytelite, 115. 
Potash alum, 125. 
Potassa, tests for, 33, 55. 

" bisalphate of, as 
agent, 23. 

" oxalate of, 



36. 



cyanide of, as reagt nt 



Prehnite, 129. 
Proustite, 91, 119. 
Psilomelane, 85, lit. 
Pumice, 132. 
Purple copper, 70, 116. 
PyrargjTite, 91, 
Pyroehlore, 143. 
Pyrolusite, 84, IIT. 
Pyromeline, 122. 
I^omorphite, 83. 
PjTope, 132. 
Pyrophyllite, 134 
Pyrosclerite, 129. 
Pyrosmalite, 123. 
Pyrrhofcine, 77. 

QUARTZ, 143. 

REAGfENTS, list of, 21, 24 
Realgar, 64, 119. 
Red autimony, 64, 119. 
Red copper, 72, UT, 131. 
Red lead ore, 83. 
Red zinc ore, 93. 
Rhodonite, 117, 124, 130. 
Ripidolite, 140, 141. 
Ruby silver, 91, 119, 
Kutil, 118, 143. 

SAL-AMMONIAC, 119. 

Salt of phospLonis, as reagent, 23. 

Sajnarskite, 117, 

Sassolin, 127. 

Scale of fusibility, 110. 

Scale of hardness 63. 



EX. 171 

Seapolite 130 

'^chei.letme 120 

fechoehte 131 142. 

hcl iDerspar 139. 

Scolec to 127 

Scoiodite 79 123, 

feelljite 119 

Selenide of mercury, 113. 

Selenides test? for, 38, 29. 

Selenium tests for, 28, 29 31 
34 6r 

Sden luecWIberblei, 113. 

Seipentme 139 

Silicates behavior of, with salt 
of phosphorus 56. 

Sil cic acid tests, for, 35, 56. 

bilver metallic test for, 31. 

tebt for when in combi- 
nation 57, 58, 
chloride of, as reagent, 24. 
oieb of 89. 

OMde of tests for, 158. 
feihei glaoce 90 115. 
Skopolite 127 
tamaltiae 67 113, 
bmithionite ti 135. 
&<- da test for 32. 

carbonate of, as reagent, 34. 
^odalite 137 
Spathic iron 7S 133. 
Speculai iron 7b 
fephene 130 
Spinel lib 144 
bpodumene 131 
fetaurotide 143 
Stemmannite 115, 
fetephanite 01 115, 
btembergite 116. 
Stibmte 63 114 
Stilbite 129 
Stromeyerite, 92, 116. 
Strontia, tests for, 146. 

" salts of, test for, 33, 36. 
Strontianite, 136. 
Sulphides, tests for, 28, 58. 
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